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PREFACE 


Whilst tW wilijirt tif corrosion is ljy no nn'iuis (iiin'iirospnfoil in twhiiioul 
litcrnturi'. iisrtimlsrly tlnit j>nl>tislic<J during D'ccnt wsrs, intich pf it is. 
uiifortutint<'ly, sfsttorcd. and tlicro dis's not apis'ar to exist any work wliich 
denis in a ciiiii|ire)ii>nsiee niantier witli tin- jiraetieal asjss't of I lie iirnblonl, tt* 
causes, and the methods avnilnhie for I'mtceting our metals from it. 

In ]m‘]«»ring thi.s te.xt-hook it has lieeii the author's endeavour to present, 
therefore, as eompletely and eojuisely as jassilile, the more intctBiting and 
practically useful infonii ition on the various phases of this ^nhjis’t, and itlthnugh, 
heeau.se of the iiieotiipleleni-ss of oiir hnonlisige in innny directions, (bs work 
cannot ehiini to he tliorcaighly loioptete, yet it is hoped that it will provido a 
<- ouvetiient ra-fereiiee hook to all whose activities bring them into contact, and 
conHiet. Miih corrosion jirohlenis and to wlioni nnieli of tin- original literature 
imiv often he dillicuit and ineonveiiieiit to ohtail) and survey. 

A tlieoretiejil treatment of tla- snhject is necessarilv inetildcd. since knowlvilgo 
of this is <'s.seiitial to the suci'essfn) diagnosis and pia-ventioii or itllcviatinn of 
(orriisioii troiililes. It has heen dealt avith. however, as lirieHy as is coinisttible 
with the object ill view. 

For geiierou.s a.ssistanee in providing ill list nit ions and text mill ter the author 
wishes to aekiiowledge the folhiwing : 

The Ciiniherhiiid Kiigineeiing Co.. Isaidoji. 

Till- Klliotf Co.. I'iftshiirgh. 

Tile Iron and Steel Institute. 

'I lie Keniiiiott Water Softi-lier Ccj.. Wolverh itiipfini. 

Tile Ke.stner Kvaporalor and I'aigineering Co.. Llrl., Ijiilidon, 

The I’aferson lOngineering Co., I.ld,, Isniiloii. 

The Scarah Dil Kuriiing Co., hlil.. London. 

The I'nited Water Softeners, Ltd., London. (Jyissen lljort.) 

Messrs. (!. and .1. Weir. Ltd.. (Jhtsgow. 

Ai knowledgmeiit i.s also due to The .Metrofsilitiin-Vickers ICIecIrinit Co,, Ltd., 
Manehe.ster. for iierniission to inehide iinHlytical data,and espeeinlly to the Institute 
of Mattals for peruiissioii to reprislitee the paiii])hlet " jVotes on th« Corrtision and 
Protection of Condenser i’lilats," hj (!. iJ. Bengough, M.A., D.-Se., piihlishurf in 
iy2'I hy the Iiistitiiti', 

AUS A, I'OLLITT. 

June , 1112:1. 
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THE CAtJSES AND PREVENTION 
OF CORROSION 


I’AKT 1 

THE THEORY OF (’ORl{OSlON 


I'lfAl'TKK 1 

INTRODUCTORY 

Tiik fnct tlml oiir JiioM )iNit<‘riiil nf (‘(iiistiurlicDi is tli<’ diii' ^v)li(’ll is lli<' iiiosl 

til till’ licstnii-livr iK’tiiii) cf luitimil foii’i’s. is iiiic uliidi rails fur [iliilo- 
sojiJiiriil ci>nfi‘iii|iliitiiiii. Nn mn' mil 'li'iiv tliiil l1ii‘ rii|iiil iliriiy nf irnii utid slcrt 
is iiiic of till' most uMuuvini; iiml i'\|ii'tislvi‘ iiuittiTs ivitli whii'li llii’ cmisiinii'r liits to 
di’iil. Ciiosi'ti iinivTisiilly fm tlirir l■^('l'|[l‘Ut mirliiuiiral |iro|it'Hii's, yi‘t liny urn 
iinicli ]i‘ss jii'rmam'nt; than wisnl nr stniin or cvi'ii nllirr motiilH whosi- nii'ilianiral 
lii-firii'iii'ii's ri'iiilnr tlimii iiiisiiitahli' fot ^mimrnl use. I.isid itiid ('(i]i|ii‘r. for iiistaiKV. 
wtli-ii <-\|Misr(! to I III' at itins|ilii'it'. usually hi'coini' mail'd \vil li a film of o\idi'. nr ot lii'r 
iRSiilidili-i-iiiii|immil. uliii'li ai ls as a |imli'c liim In tlm mi'tal liunratli, I'niliT similaT 
ounditiims inin and slml l)i'<'oiiii' cnvi'ri'd wiili a lonsi' livjims(' 0 |iic layar id nxiiln 
which actually accclciatcs the fiirtlicr i niTosinii nf l)ir metal. 

If is, in mnsei I lienee, siimenliat snitaisiiig that the siilijeci of enrriisiiin lias is'cn 
oiU! Ill the ni't'lee'led jirnhJi'iius of eMfriiieeriiifi. Wlid.st the all cut inn of cniiiitlcMs 
investijratoi-s has heeii direeled to the study nf the iihysiral iiroisTties and 
luicro-stnieture of iron and irnn alloys, yel the si inly of their deeay was left for 
iimuv years to a small minority who had llie fnresjjiht to aji[ireeiate the Kiiiwiii)t 
imiMirtunce of the jinihlem and the iiiitiiitive and intteuiiity to attem|>l its 
iiiveatigatioii. 

Recent years have evidenced, however, a growing tendeiiey to jaty greater 
attention to the ennservatinn and eeoiioinic use of our natural resources, and as a 
result the subject of eiirrosion has exereisi'd the inltids of engineers and other coii- 
siuners to an increasing extent. Yet it is cnni])aratively recently only that a simnd 
fundamental knowledge of the priatess of corrosion Inis been reached, ( ,'ontroversies 
ivere ranijiant for many years, anil ei'en to-day suj)|s>rters may lie found for theories 
which are either entirely disi'ardisl or considerably inoiliheil. Cliemists, pliysicistg 
and engineers have each, in turn, studied tliose phases of the pro hi cm into contact 
with which their |STaonnl ex|)rriencc has brought them, Koch has studied from a 
different ))oint of view and each with a dilTerent mentality, and the result is now 
etident in the diversity of opinion still prevalent on ci’cn the most hnaic of principles 

IS 



14 THE CAUSES AND PREVENTION OF CORROSION 

ftod th« widely diffused and often sparse nature of suctf information as is avaSaUe. 
A brief survey of this literature is sufficient to reveal the oonflicting character of 
many of the reenlts and conclusions of different workers, excellent though their 
individual researchM may be. It will also show that there are many aspects of the 
problem of corrosion which are imperfectly understood, and that it is frequently 
impossible to attribute a specific case of corrosion to any definitely established 
cause. 

Although our knowledge is, therefore, still incomplete and contains many gaps, 
we are considerably better informed than was the case fifteen or twenty years ago, 
and the growing appreciation of the corrosion problem and itS* prevention has given 
a decided impetus to investigation work in this connection. A general agreement of 
opinion has now been reached on the mechanism of the corrosion of icon, and the 
influence of many factors, both external aifd inherent in the metal, is known and 
can, in many cases, be removed or counteracted. More resistant metals have been 
produced and methods of [>rutection have been evolved, put into practice, and 
improved upon. 

Any process which will prolong the life of our existing stocks of iron and steel 
will confer great service on civilisation in two ways, firstly in the direction just 
quoted, and secondly in helping ti> conserve an even more precious natural resource, 
namely, our coal. Civilisation could progress even were the available supplies of 
iron enormously reduced, but it is a matter of much speculation as to how we should 
carry on if deprived of coal. It may be (K)inted out that from four to five tuns of 
coal, or its equivalent, are retiuired to ]>roduce one ton of steel, which will revert to 
its original and more stable form of oxide in an incredibly siiort period if steps are 
not taken to preserve it. 

The term “ Corrosion ” is one which is often applied to all forms which the decay 
or deterioration of metals may take, excluding, of Course, mechanical failure. It has 
been used even in cases where damage has been the result of purely mechanical 
erosion, and it is commonly used where oxidation has been directly produced by 
exposure to high tempHjTatures, either in air or in superheated steam. It is not 
an easy term to define, but for our purpose it may be considered as including all cases 
of decay in which moisture is present and plays an active part, and which would 
nut occur in the absence of moisture. In order to avoid confusion,' it would seem 
desirable to impose some limit of this kind; and, therefore, the oxidation of metal 
due to heat alone, such as in furnaces and metal generally whose service involves 
contact with abnoruuilly hot atmospheres, and the oxidation of the blades on the 
superheat stages of a turbine, will not be regarded as corrosion. We may therefore 
define the term as follows 

” Corrosion is a surface phenomenon and consists primarily and essentially 
of a solution of the metal; or, in the case of an alloy, of one or more of its 
ooDstituenta; thio\^h contact with an electrolyte.” 

His definition, though somewhat comprehensive, is a rigid one. An electrolyte 
is always enential though the contact between it and the metal may be either con- 



INTRODUCTORY 15 

tinositi or intenaittoot, and the electHd^te ma,j be o poor oonduotor lAce {nuo voter, 
or an excellent one such as a concentrated saline wiutioa, Not must it be tak«l 
that oQiToaioD can proceed in all electrolTtea nor that all metals will corrode in one 
particular eiectroljte.* In many cases the concentration of the electrolyte has an 
important influence. Frequently, also, some other factor must be present in addition 
to the liquid conductor before corrosion can proceed, but these factors, in tile absence 
of an electrolyte, will not initiate corrosion. It may be anticipated, therefore, 
that corrosion is an electro-chemical or ionic phenomenon. This definition is 
applicable also to the decay of many non-metallic iiiateriBls. The weathering of 
rocks, for instance, is generally the result, of tlie corroNiou or solution of some con¬ 
stituent by an electrolyte and may or may not b<‘ accompanied by erosive influences. 
The decay or rotting of wotmI is also accomplished in an analogous manner. 

Friend (The Vorrminn of /row, f'atnegie Scliotawliijr Memoirs, Vol. XI,, 1922) 
observes two tyiws of the corrosion of iron winch lie designates “ f^iirrosion” and 
“ Erosion.” The first term he apjilies to those ca.se« in which the metal conudes 
in a neutral medium, resulting in the priMluetion of an insoluble oxide which adheres 
to the underlying metal and which is commonly known us rust. 

The second term, croBion, he reserves for cases of eorrosion in which the products 
are more or less soluble salts and wliere the metal surface is left exposed to further 
attack. Such a distinction is of course useful from an academic jxrint of view, but 
as the term “ erosion " is generally understood to imply a mechanical action, com- 
[larable to a sami-blast, it will not, in order to avoid eunfusion, be used in this book 
in any other .sense, rorrosion will be used in connection with all processes which 
may be inclinleil in tile definition given above, the different types of corrosion being 
rlistinguished ill other ways. 

Two theories, the Acid Iheory and the Electrolytic theory, hitherto distinct 
and opjaiscd, are combined and brought into agreement by the |)resenl'dny conception 
of the mechanism of corrosion. Though each still retains to an apjirectable extent 
its quota of adherents, yet an imjiartiai consideration of each from the obvitnuly 
common ground of the theory of solutions will lead to the conviction, now shared by 
the majority of the leading authoritii's, that they are mutually in agreement, and 
that whilst an academic distinction may be drawn between them, yet is there no 
essential practical difference. It is chiefly through the failure to regard the 
electrolytic theory broadmindedly, and it.s wider application as concerning ionisation, 
that tbe controversy between its sup[iorters and those of the Acid theory has been 
so prolonged. Iloth theories may be equally well interpreted clectrolytieally. It 
will be shown that tbe presence of hydn^en ions is necessary to initiate the corrosion 
of pure iron in pure water. Both the Acid and the Electrolytic theories demand 
the acceptance of this, but whereas the former supplies these ions by stipulating tbe 
presence of an acid (which may be either free or combined), the latter, on the os- 
munption that, according to the dissociation theory, even the purest water must 
contain free hydrogen ions in a minute though definite amount, about one gramme 
in (10)’ litres ((Aishman and Gardner, The CorroiuM and Pretervatum ef Inn and 
Steel), maintains that this small concentration is capable of eommencilig tbe prooen 
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Mi coTTCHtitni, and that in conaequence the ])resence of, an acid is unnecessary, the 
water itself being to some extent acid in character. This ilhistrateg more clearly 
the essential unity of the two theories. Whichever bo acceded, the general inter- 
|>rctatinn of the phenomena of corrosion will re main unaltcre<X Carried beyond the 
]>oint of actual initiatinn, lK>th tlnoriea proclaim the process to proceed electto- 
chemically, and this term has njceived increasing favour as the one which best 
express** the ituslern agreement of opinion on the nieclianism of conswion. The 
Blectro-chetnicii! theory, or, as it has bisen catlcsl, the Ionic theory, ctnbraces both 
the Acid and the Kh^etrolytH; theories and is applicable to all forms of corrosion of 
all metals atwl alloys in cvitv kinil of electrolyte, n hctloT fresh or salt, industrial 
lu(Uors or effluents. Vitv few an; the phenomena (■onni;ete<i with corrosion which 
Ctinnot b(; e.v phi i lied by it. M'dlioils of protection and j ire vent ion suggested by its 
consideration are sound in coiicejition ami ifh‘, on the whole, successful. Where 
they fail, the reason can he found also by an inti'lligenl inlerjiretation of the theory. 
As a priM'tical working liyjsithesis there nppeiu-s to he little doubt flial it is the 
soundest and most rational theory we have, and tliat it i.s (he one most likely to 
retain its promiiicnee ami to diri'cl jil tent ion towards its further development and 
ampliilcat ion. 

Of the varioiis proces.si'S by wliicli melals deterionile, eoriosion i.s tlie most 
jicruieious and the one wliieli is thi' mo.sl dillicult to ])ievriit or alleviate. In the 
inajority of ruses also, it is the one ulirr’Ii buds to the most rapid di.sfrtrction of metals, 
particularly of iisin ami sli‘el. It is an Inliereiil lendenev of Iron to rust, ami it 
seems doubtful if this will ever be enlii'elv' riveiasmie. \o one will dispute tin; 
ini|H)rtanee which nltaibes, (lien fore, (o a cumplete underslandiug of fin; process, 
to tile i>roibietion of noii-rsniDdible, or at any rate of more iv.si.staiit nii tals. anil to 
the evolution and perfecting of pi'otedive mrvisnres. 

It has often Is'cn reiiuii'ked lliiil the modern iisms and .steels and nietals geiieraliv 
are Irsrs resistanl In tlie attack by natural fori'es than Wiue tliosr; pnnlui’ei! bv lire 
ancients or even those of a ibs arle ago. To .some extrmt tills is no doubt true, one 
mvHon being tinit itioderti nietlimls of prod net ion and of winking tlie material ais‘ 
more likely to enhanee a ciiiiditioii of intermil strain in thi' metal, ami this is known 
to ilieriuse its suseeptibility to eoi ro.sion. Also, maniifael no* on an I'Ver-iiicreasiiig 
scale multi plies lire diflieiilties of r'lisuring idlieient priici'ss control, and tlu'ie fn;- 
i|iientl.V results a lieteitrgrmeoiis and segiegaterl .structure whieli likewise lowers tire 
resistivity of tin; product. It tiiiist be arlinitted that many excellently pivserved 
iron arfietes e.vist in such countrie.s as Egyiit am! India, etc., and that they have 
witlustood marvellously well the action of the atmns|)lii'i'e therr; for many hniidreds 
and even thousands t>f years. It has nevertlu'le.ss la'cn rr'csnsled (Roseiiliain. Tram, 
t'anvlmf b’oe., Vol. XI., lUlf)) that sauipie.s of sue It material, when hronght to this 
country and submittwl to tli<‘ action ol our atnios})lifn‘. corrode eriually as rapidly 
as many of oitr modern prodiiets. Isa'al romlition.s |)lav an im{sirtaiit {lart in the 
corrosion of iron, etc,, chief amongst thrw, ami one characteristic of this country, 
is the excessive humidity of the atmosphere and the attendant otluT physical con¬ 
ditions whereby tliis moisture may cundeiisc in liipiirl form mam metals. Only 
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18 THE CAUSES AND PBEYESTION OF CORROSION 

in Jif/uirf form doca tiioieturfi caw corroaitm. Other ImsI eomjsive influences owe 
their ortfjin to tlieateaiiy increMe in indiuttriul establishments whprebv the atmosphere 
and wster supplies ate polhited with waste gases and effluents. In addition, cases 
of rapid ctirrosiim may oftiui Ih; traced to the effect of strSy currents from high 
(Mttential circuiU. 

The study of corroidfin is one of many phiises, an may bo seen from fig. 1, which 
reprtwents diiigraintjiaticiiNy tlie nioi<^ csstmtial features of th(! thriHi cliief a.spccts 
of the prtihhen, namely, tli(‘ genera! theory, the practical ciinses and influences by 
which corrosion is initiati'dand accelerated, and the niethod.s by which it is attempted 
to nrn^st or reduce its violimce. Kach .single item eniimerijted might form the 
subject of years of researeti, and if is only by a well-organised caiiijiaign of investi- 
gafion intsj tliiste minieioiia branclie.s (hut a eotiijjli'fe or safisfartory control of the 
phenomena will in' |s>sslble, and until we iiitaiii this the economv of out metals 
and the conservation of our natural resonree.s will leioaiii an im[ierfectlv solvt'd 
problem. 



CHAI’TKR (I 

THE THEOliy OF CORROSION' 

Axy am‘]i<iililc iln'i>ry M tnrriisiiiii must iiu i i())uWi‘ uf i'.\|iliumjig tlirct* fuiuUim'ntftl 
fuc’tH riamclv: — 

I. That jriPti ait) nut nprrulc* ur rust in lirv iiir. find is. ill iliu mImi'iks' iif luoisture. 

'2. That iruii alii nut rust in muki air |>ruviili'(i tlin ('iijiditiuiiK iif ti'iii()nratum 
arn hikIi thid nu Ii<|i)i<l unliT I'aii <iiixlrnsc uii its siirrnn*. 

T. That trull tvill nut rust in |niii' Ihjiihl iiiilcr if tiir is nnn|>]<'1('lv I'XcliltIctl. 

Si'vi-ral llusirii'.s havi> Isani inlviinnil fiuui liiiir In limn in n(tnni|its tii explain 
the iiiiliidiuii mill pna'i’ssuf(-uiTusiun: Inn,as kniia'lndpc nf tlm suIijh’I hitsI'xpiiiided, 
Iwu unly uf them have snrvivisl the severe < rith isms 1u ahich they have heen sub¬ 
jected. These are. a.s already tinlii aled, the .\cid Theury iiiid I he Klt>ctnilytie 
Theury. Siiiee they each have a cuimnun liasis uf iliterjiretatiun, it nniy he dtaiirahle 
hefcire pnicis'ditij; tu llnir further di.srns.shin, tii illi'liide a brief n'view uf nevetal 
pheiiunieiia. iipun the kiiuuledpe uf which dejieiid.s ii clear innierstatidiliti; uf iiidst 
uf tlie (irufileins pn-seiiled hv the si iidv uf isirrusiun, 

Siihititm uMf/ ffsiHtiiii' yVessurcs. IVlieji a sulitble material dissulves in water ita 
iiiuleciih-.s dhstrilnite thetiiselvi's <‘>|iially thnniphiinl tile mass uf the li'|iud, and the 
ftirce by which tJiis i.s aecnin|i]isl]cii is himwii as ifie "sulnlinii pressure." The 
rearthni tu thi.s flirts', and wliieh letid.s tu prevent the sulnliuii ur eitni-spatial 
duHtrilnitiini uf the iinJeeides uf the diss<ilviri|i Isidv. i.s eiilleii the " nsniotic pretisure." 
It liiav ri-adtiy he cuiieeivisl I hut, at the itistaiil Ix'fure sufuliun einnliiellis's, the 
snlutiuii pre.ssiire uf the snhsfiitiee is id a tnu.xiiiiuin and the usiiKitic, ur iip]XMinjt 
pressnis'. at a niinimntn. ami that as sululiun [inieeeds the tnattti it tides uf these two 
fnrees (sradually nppruach a eiiminini viihie. When I his [siint uf equilibrium in 
reaelied. further sulittiun uf the siihstimce will cense, in utlier wuisln, when the 
Mdiition mid nsmutic pressures Ira lance, the sulistanee exhihits its inaxiiiiiitii Kubibility 
and the water will Iw saturated with res|>ee1 tu that partieiilar suhstance and tu the 
phrsirul condiiiuns uf fenijieral nre and pritssiire jirevaient at the time. Any external 
factor which, artin(f un the system, tends tu luwer tile usiuntie ptesanre will iucretua! 
the extent of the mdubility of the snlistams', and if tlie siipjdy of (he latter and of the 
water fwi tiiaintaincrl, the jiermaiictit presence uf an usmotie preasiire-reducing 
iobuence will result in a continued sulutiou uf the substance. The iniportance and 
direct bearing of this on corrosion will become apjiaretit later. 

Aa uauatly underatood, the term soluliility would make a sharp dietinctiun between 
such materials aa, for instance, soda and iron or atone; actnally the temia solubility 
and insolubility are relative only, since it ia doubtful whether any substance exists 

IS 
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upon which water has not some solvent action. The 
and osmotic pressures in the case of bodies usually classed as aoluble may be very 
considerable. Pfefier has shown that in the case of a 6 per cent, solution of sugar 
the osmotic presB^r<^ at 14“ C. is equivalent to 60 pounds per square inch. The solution 
pressure will have a correspondingly high value, and although sugar is relatively 
very soluble, yet it is indi.sputable tliat the so-called insoluble bodies, like iron, etc., 
must have solution pn^ssurcs of small though definite magnitude. 

Jileiimli/lir W/ssocTn/iow.- ■ ()ne of two things may occur when a substance dissolves 
in water, cither the solution bucoimw a conductor of electricity or it retains its original 
non-conductive character. A solution of sugar in water i.s iBuatrative of the latter. 
Acids, bases, and salts coiifiu- the former property on their solutions, and they effect 
this by splitting up or ilijftiH’iatitig into .atoms or groujw of atonis which carry charges, 
of static electricity, Such (dectrieally eliargwl atoms, etc., are known as “ions,” 
and the diasoeiiitifui whereby they are [irodiieed may he simply esprossed in the 
following manner:- - 




OP 


agnitudes of the solution 


(0 


(:i) 


(■■i) 


Il vdioeliloric acid ; - H>'drog<'n ions -f Clilorine ions 

iici ir cr 

CaleiuiN liydmti' - {'aleiiim iun.s -f Hydrate ions 
('a(()l’[)t Ca” . fill' (HI' 

Sodium sidpliafe Sodium ions -| Siil))lii)te ions 
NiijSO^ Nil- AV SO/' 


The nature ol the ehargi- earned by an ion is iiidieiited by tlie .small ' or' sign placed 
above the syiulsd iiad the ndalivt' amgriiliideH of the charges bv the miniber of ' or 
' sign.s, Tims, the negative el larger earriisi by a Milphate inn. SO^", is just double 
that carried by the negatively ebargisl clilorine inn, (T, The inns resulting from the 
sol lit ion o f a en III p mi u I a re a I way s n f t wn k I mbs, " ea t io ns.'' < 'll r r yi ng isit I ve eh arges. 
and “unions*' carrying negative charges, and in solution the sum of the positive 
cliurges i.s always numerically equal to that of the negatise eliarges. That is to say, 
the ebargi's of oppisite sign balauee or mailralise each other so that a dissolved 
subfltauei) does not confer a definite jsUeiitial on its solution. .AD acids in solution 
are elmracteriseil by the hydrogen eat inn and all biuse.s by the hydrate or hydni.vjd 
anion. It miiHt be rememliered that the pro|)iT(ies of an ion do not. corres(Mnd 
with those of the unehargisl atom; metallic or atoinic sodiimi, for e.\ninple, cannot 
exist as such in t he presence of water, but t lie charged atom or ion can and does. 

Tliere are other wavs in wliieh ions tiiav be produced, one of which is by the 
transference or exchange of the charge fi-oin an already existing ion tir an atom, 
rethajis tlie simplest example of this is the solution of zinc in an acid which proceeds 
in the following manner 

Ziuc '-1- Hydrochlotie acid -- Zinc imw -f ('hlorine ions + Hydrogen 

Zn + jj‘ = /n -f Q|, Htfgas) 
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T1i« hj^rogen iooa, Taeulting from the ioiuc dwociatioii of the hydioohJorie acklt 
h»ve trensfened theif cheigw to the metallic tine, thereby becoming atomic, and aa 
such insoluble. They«e8cape a« gas bubbiea from the surface of the tine, the atoms 
of vhicb, by acquirin^J ebatgee, have entered solution as zinc rations. It is thus easy 
to visualise tbe solution of a relatively insoluble material, surli as a metal, which 
may dissolve directly from the metal lie condition, and this tyjw of action, which wilt 
subsequently be referred to again in more detail, should bt* Ixiriie in mind when con* 
sidering tlic Acid and Electrolytic theories of corrosion. A furtlier instance of the 
solution of a inetul hy tln^ transference of cliargi^s from ions to atoiiis is the well- 
known (neripitation of rop|H<r from solution by iiietiillie inm - 


i'>) 


I'upper sulphate f Iron Inui sulphate 
tv SI)/ ‘Kc JVSO/ 
(atiiinicj 


i- ('o]i|X'r 
t'u 

(at oiiiic) 


Tills art of infercliatigc or i‘.\rhiujgi‘ iif rliurgi'. us shown iilsive. is, of roursi*, primarily 
eicctriral, iait since tiic rc.siill is iiiiinifi'stisl by u cljcniicul clmligi', a process of this 
or an analogou.s tv|)c justifies its coii.sjiicratioii as uii elect ro-dieitiical one. and since 
the tstrrosion of metals proiswcls bv such |irocc,s,sc.s, the cjcclro-cheiiiiciil conception 
of oirro-sicin would a]ipcar to be rational. 

third mctliod of ion format ioii is that in wliich two atoms of dissiniilar elements 
change into ions by mutual coiitaet. \ solution of clijiiriiic in water miitains this 
element in the atomic form: if a st rip of gohl-Icaf is placisi in this soliilion it. dissolvea 
and pr<i<luce.H )»i.sifivelv charp'd ions, and at the .same lime the chiorinc biwomes 
ionic so that a balance Isduceii the ehurges on I lie gold cutioiLi iitul those on the 
chlorine anions is effected : 


I«) 


(iold(utolllic) i 

All 


Cliiortiicf atomic) 
:il’l 


tlo)d(ioiiic) I Cliloriiicfionic) 

All'” (TH f'l'-f d' 


liastly, there is the jirodiiction of ions by the conversion of an alum to an ion accom¬ 
panied hy the increasing of the charge carried by an already exist ing ion. If chlorina 
gas is bubbled through a solution of ferrous cldoride, a reaction occurs in which the 
ferrous cation, carrying two positive cliiiigeft, i.s convertKi into a ferric cation canying 
three po.sifive chargi's, wliilst tlie chlorine simiiltaiiuuiisly changes from the atomid 
to the ionic condition : — 


( 7 ) 


Eemius chloride ■] (hlorine 
Ke" (T tr Cl 


(atomic) 


Ferric chloride 
Fc"' Cr Cr (.1' 


These four methods of ion formation may each represent some proceu intirnately 
connected with the practical phenomena of corrosion. 

EkdrolytU and Palari»tiio)i.~lt was stated that when the solution of a subsUooe 
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in water reiultcd in ita dissociation into ions, the Bystem became a conductor. If a 
current is pa!»sed through such a solution by means of suitabJe electrodes a 
phenomenon known as electrolysis occurs, and it coasists printarily of a mechanical 
movenient or migration of tlic ions. The cations migrate to fhe negative electrode, 
or cathode, and tlic anions to the p<witivt( electrode, or anode. They surrender 
their resjsxitive charges to tlie electrorles and become atomic; and they may then 
leave the system by escaping as hul)l)les of gas, as in the case of the electrolysis of 
hydrotihhwic acid, or by plating out on the electrmh^s in the metallic form, as, for 
instance, when a solutitm of clipper sniplntte is electrolyaetl. In other cases, the 
mechanism is more c(mi|)Iex. I Considering the case of a sointidti of sodium sulphate, 
there first occurs the migration <if the sii)]>liate and .sodium ions to their respective 
electn)di-s and their snbsi'([nent [lischargc. Metallic sodium, however, cannot e.vixt 
as such in the prcsiuice of water, nor can the ilisehargcd Hiil])!iate ioms; in each case, 
therefore, sccondaiy rcvjctioas take ])iiici‘ betwism the water niid the disclniiged 
ions, producing rcspectivelv sodintii hy<iiatc and siiljiliuric acid, and liberating 
hydrogen and ((.vygcti as gases whicli a))peiir on the eleefrodes ns the jirofiiicts of 
tile eleetrolysis. Kinnily, a tertiary reaction between the sodium hydrate and tlic 
siitpliiirjc nciil results in thi' regcmeriition of th<‘ soilium siil]>liafe. The above 
Beqjience of reactions is, then, as folloivs : 


(«) 


("> | Na“ i-siv 


(^0 Na' i Nil' i SO^" 


;i ii.’r-iti<ii: ;li>'I •li'i'ltiiri'’ 


L'\a i W), 


(,/} liNuttll ! II.,S(),-—;; Na.SO,-p tiil^O 


The amount of Hodliini sulphate remains uiidiinini.slieil. thongii il.s concentration 
increases, of eonrsc, owing to the elliiiinittion of the elemejils of water, as .shi>wn 
in (c). 

Klcctmlysis miiv also take place without tiie aid of an e.vtiTnally applitsi current. 
If two tlksiniilar metals are partially immersed in the eleetrolvle and electrieully 
connerfed evternnily by a wire, n curreiit will be generated at the e.v|Hmse of the more 
electm-pasitive metal, or. in other wt)rd,s, of the metal having the liighcr .solution 
pressure. This metal expds jstsiiively charged ions from its surface into the liquid 
motiiam and becomes itself negatively charged, so that the dissolving metal appears as 
the negative |sile of the e.s ter tail portion of the eiietiit. It is not necessary even that 
the two metals be externally in electrical mtitact; if they arc plactKl in csmtuct in 
the solution the same pnm'ss will pmts'ed. the solution in this case taking the place 
of the wire, t'urrent will How frnin the more el I'd ro-positive metal, through the 
Btilutiiin, to the less elect ro-iiositive tiietal. Commercial metals are iisuallr of 
Bulfieiently com|)tisiteu stnlctiire, owing to the prosenec of impurities and segregation, 
dc., that adjacent nts'as on their surfaees have different electrolytic solution prcsBiites 
or potentials and wheti iti eontnet with an olertrolyto the metal behaves ns if it were 
a mosaic of dbuiniilar mt'tals; currents are established between adjacent areas of 
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the surface, those having the higher potential dissolving preferentially to those of 
lover potential. Thdt form of rontwlon iMiially knunn as “ ))tttiog " is often readily 
exfdained from such ctpuiderations as (he above. 

When a nietai disitolves in an acid mediiitii the conversion of the metal to the 
ionic condition nill occur by the e.vcbange of ciiargw between the hydnigen ions and 
the metal, as shown in eijimtion (I), whilst in a neutral tuediiiin the metallic iorts 
derive their chargi** fnun the electrotle or hulk of the metal wiiich becomes 
negat i vely eha rged. 1 ii a 11 a 1 11 losl n eut ra 1 1 lus I i ii n i a coi 11 hi iia t ion of (bt'se two rwu I ts 
takes pbice and the evolutiuEi of giu is tmi slow to ls‘ visible. Sueli a (oiiditiou 
leads to polarLsation. ami bv an almost neutral mtsiiiini is inferred a soiiition in vrhich 
the concent Tilt ion of hydrogen ions is ndstirely tow. i’oinrisution is esstuitially 
the )»lsting of tlie di.ssolving metal with a film of elnirgeii ions. If we consider the 
acaiieinic ea.se of a strip of )>iire iron In juire water, whieli latter we will assume to 
be dissociated to a .small degrw into hydrogen and liydnutvl ions, (Inai the following 
seijuelice. alialogou.s to the aliove, neeiirs ; Ity reason of its solution pressiirt' the 
imn .shoots off from its .snrfiiee a nuniUT of |sisitively i hargisl ferrous ions into the 
water, thus disturbing the elietririil lialriiii'e betweim I lie pi bendy pri'seiit hydrogen 
anil hydro.vvl ioii.s. .Vs a re.sult, llii‘ |sisilive ion wlui.se elioneiif lias the lower 
sobitiiin |ire.s.sui-e. or whii li is the lesselei trn-jsisilive. is displiu'isl, and in this ease 
the livdriigeti inns .surrender their < barges to the iron strip and adhere to it, in the 
form of a gaseous film, thereliv restoring t)ie balanee b(>tweeii ioiiie ebntges. A 
giiivatiic oiirreiit will thus flow from the iron strip via the ferrous ions in soliitinn 
and liiiek again via the hydnigen inns to the iindi.s.solved metal. The gaseous film 
of hydrogen dejHwjieil on the latler is, however, a very |Kior ismducfnr and tifTers 
a high re.si.staiiee to tills eurreiil. .so tliat before long the cinilit is efTertiveiy broken. 
Furl her solution of the iron is I has preVeiitisl iiy the JKiIarisiug etfect of t his gaseous 
film, and will not rerotmneni'e until tlie latler is removed, that is, until some de- 
|H)larising agent is bmiiglil into ]>lay. 

before leaving the eons i lie rat ion of these plienoineim lliere are two others which 
merit .some attention, sinis' they are very intimately a.s.'ua’iuttsi witli many of the 
prtililenis presented by the enrrosioii and pre.si-rvation of metals. These are " Oxi- 
dation ' in solution and the reverse process of “ Heduci ion,'" and “ llydnilysia.” 

flxiilnlioti.- lleferring to eitnatiiin (7), we have the instil nee of the convemion 
of ferrous chloride into ferrte eliloride. a eoni|sMiiii! whose molecule on dissodatiou 
yields a ferric eat ion cai rying 1 liree jsisit ii i' eluirges us com|wr»'d with the two jsisitiva 
ehargea carried by tin- original ferrnus ion. Tlie total amount of iron litut not been 
increased, that of the ehlorine <ir iiegalivc radicle of tlie coiii|a)und lias. This ty{M: 
of procMs is termed '' (ixidation, " a ml it itivoivew (n) the increuaing of tho pro^ 
portion of tlie elect to-negative radicle of a conijKitmd, and {b) the increaning of the 
magnitude of the charge carriwl by the electro-isisitive riidiele or ion. For most 
practical purposes the charges carried by an ion may lie regarded as sytnonymoua 
with valency; hence a ferrous ioti, Ke", carrying two charges is divalent and a farric 
"ion, Fe”", carrying three charges is trivalcnf. The second change involved by oxi¬ 
dation may therefore be alternatively regarded as increasing the valency of the 
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electro-positive radicle. ProoeMes which result in a decrease in this valency'are 
those of “ Reduction.” 

HydrolystK.—It is nenerally known that salts produced by,the oombinatioii of a 
stron^f base with a weak acid impart basic reactions to theif solutions, whilst the 
solutions of salts rcsultin^j from the combination of a strong acid with a weak base 
are acidic in character, The phenomenon whereby the characteristics of the stronger 
radicle are developed is that of ” Hydrolysis," and the following example may serve 
to illustrate the procosLs ; - 

Sodium carlsmate + Water — Srjdiiini hydrate -f i’arbonic acid 
Na,Cf), H- HjO - 2yaOH + HjCOj 


The sodium hyrirate jxsxliieed has a v<;ry liigli solution pressure and is therefore 
very strongly ionised (or completely dissociated into sodium and hydrate ions). The 
hydrate ions confer a Istsic rciu^tioii to the solution, W'hicii the carbonic acid, becaasc 
of its very low degree; of dissociutioti failing to ])roduce a sufiiciency of hydrogen 
ions, cannot neiitrali.se. fn this way the salt, sodiimi carlsmate, instead of yielding 
a neutral solution, as the name '* salt ” woo id imply, gives an alkaline solution. The 
hydrolysis of alumitiiiim sidpliate, on the other hand, yields ;m acid solution :— 


(lU) 


Aluminium sulphate ■)■ WatiT .Aiiimitiiuio livdroxiili' )• Sulphuric acid 

Ayso,), 1(111,0 -iMton), i 311 ,so. 


fn this ease the aciil product of hydrolysis is stwmgly ionised and the aluminium 
hy<lro.\i(le, being iiwitublv, is net itmUeii at all, 


THK THKOUV 01’ (’ORUOSION 

No useful pur(K)se would lx- served by entering into a detailed discussion of the 
relative proha hi] it ies of the two |)riiu’i]sil theories of corrosion. It has already been 
pointed out that the final ueceptance or rejection of I'illier will not alter the inter¬ 
pretation of corrosion as it <s;curs in pnietiee. \^'hilst the nutlior iiiclini's to the lielief 
that the Acid theory should reci‘ivi‘ preference aetidemically, he i.s nonfent to leave 
the final Verdict to the reioler, who may follow the ri?s|s>etive claims of these two 
theories by referring to the works of Friend {The (‘orimiim njIron umf AVeW), and of 
Cushman and (lardncr (The.i'nrroninH omi Pri’Ki’rmtimi nj Iron ami Sled), who discuss 
and oriticise them in cons idem hie detail, and who, although they reach couelusions 
which ate academically opposerl, yet agree that, from n practical point of view, the 
phenoraeua of corrosion an; explained most satisfactorily on an electro-chemical 
boais. ft is proposed, therefore, to consider these theories conjointly with reference 
to this basis. 

TAe Add and Kleelrdytie Thmrieji .—The formulation of the Acid theory ia 
genmlly attributed to Croce Calvert, and it presumes that pure liquid water and 
pure oxygen are not alone sufficient to initiate the corrosion of pure iron, but that a 
third factor is necessary. Calvert has been vigorously supported by Crum Brown, 



85 


THE THEORY OF COMIOSION 

lloodj, and Friend, and ai vigorously attacked by Duiietan, ^Tiitney, lilden, 
Cuabmao, and others* This third factor, necessary to the initiation of the corrosion 
of iron, is the preeenae of an add. It may be a feebly i(inise«l acid like carbonic 
add, or it may be in*the combined form, whence, by hydrolvsis, the characteristic 
hydrogen ion may bo produced. 

The quantity of acid ueccssary i^ inlinitie^ima]. since, aonirding to the Add 
theory, one molecule of acid aill sudice to corrode an nnliiiiited siiiount of nietal. 
The acid usually taken to illustrate tliis theory is carUmic acid. la-catise of its untt’orsal 
presence in all atmospheres and watots. In short, then, thi^ thinl factor impUes 
the presence of hydrogen ions. ITie Electii)lytic theitry statro tiuit an acid as such 
is not essentiiil in any form, either free or comliineii, lint that the soliitioii prossuro 
of pure iron in [iimi water results iti the fornmtioii of ferniiis ions and in the con¬ 
sequent discharge of an eijuivnleiit number ol liydrogeii ions wliieh are assunied to 
exist even in the laiivst water. Altlioiigh liydisigini is a gn.s, vet it is electrienlly 
in the saiiu- categiirv as the metals, I icing elect rti-|Kisjtive, and. as sIkiu a in equation 
(•1), an exehangi’ of charge ran take plnee bet ween ii.s ions and the atoms of the more 
c]ectr«-i*isifive iron. Eneli tlusiry, therefoh'. explains the iiriiiiary or initial attack 
upon the iron as the result of attack by hvdrngen imis, and they diller merely in the 
fact that, they presimie the [ire.seiiee of tlirae ions to originate from diffen’llt sources. 

Proreeding beyond tin: )ioiut of initiation, the comisitiliiiify of these two tliisiries 
is further demoastrated in that they Imtli regai-d the prraence of ii.vygcii as essential 
to the eontiniiation of tlie jinn'ess. 'Die .Acid tlnsiry, viewing corrosion us a cyclic 
proees-s. in wliieli a minute amount of acid may corrode an infinite ipianfity of metal 
(in a manner which may he hsiked ii|sin as eutalytie). exjilains the proceas hy the 
following sequence: Firstly, the attack liy the acid, for exatiiple carbonic add, 
on the iron results in the production of a ferrous salt, in this case ferroua 
carbonate : 


(11) 2['V [ UFet'OjH 211, 

Hecondly, the ferrous carlsmate is aeted n[xm by o.xygen in the (itesenre of water 
and is converted into tlie insolnble ferric: liydroxide which is iinTijiitated from the 
aystem. This is necoiii|)aiiiei| by the .siniidfaneous n-generation of the original 
quantity of carlsmic aeid : - 

(12) iFet'O, -t- O, i- IIIH5I) iFefOH), -p m,CO, 

and the oxidation of the hydrogen produced in equation (11) to water. The cycle 
ia thus completed and corriiaion will lamtinue so loiig a.s the supply of oxygen taquirud 
in equation ( 12 ) is maintained. It will be noted that in equation ( 11 ) gaseous 
hydrogen is set free, and this may be regarded as analogous to the liberation of 
hydrogen by the discharge of hydrogen inns in the explanation offered by the Electro¬ 
lytic theory, which is equally as simple and straightforward as the one just iUusttahed, 
The first stage in the mechanism of the corrosion of pure iron by pure water and pare 
oxygen only is the transfer of charges from hydrogen ions to the metal. The latter 
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thereby enters solution and continues to do so until the polarisation, due to the 
film of gaseous hydrojlfen deposited on the metal surface, is siffficient to arrest the 
prrrcess. This stage may be represented by^ 

(IJ) h' -f Fo -j- Hg (gaseous) 

The liquid nicdiuni at this ]Miint is virtually a solution of ferrous hydroxide, Fc{OH)j, 
ionised, of course, and the stieonil stage consists in the oxidation and precipitation 
of this as ferric hydrnxidi^ or rust: 

(I !) IFi’tOHlj -t- (>2 t ‘1Fc{{)JI)3 



S'si. !f,- UllACHM' JiKJ-ltKMKAT Cl rirs nc TIIS S.—IllMrlOr It KPlOAlKM'A1'IoS VC THE ,\[TU 

KLECTSttliVTIC rilEOItC |IK t MIS. 'I'll EnllV HE t‘llURHSItlN* 


This prefipirntiou of fcriic hydroxiile disfurks the cquilihriiiiii of the system, and, 
tu etinjunclion with the second etfect nf thi' oxvgeii.’which, by comhining with and 
removing the [hiIii rising lilm ul hydrogen, ihqsdarisi's (lie luetal surface, result.s in 
theesmtinned .solution or corrosion of the loctal. Tlic entire pmeess mav Isi \'Lsualised 
hy referring to fig, jn wliicli it is presented sclieinaticully. In the lirst stage we 
have the met si shoot i tig oil icias into the wafir and the development of the polarising 
film of hydrogi't! gas. This eoutinues until stopped by t he jsjlarisntioii, and we have 
the coiwiition represmited liy stage two, in wiiieh the liquid is virtually a sulution 
of ferrous hydroxide. In the third stage occurs the o.xidation of the ferrous ion.s 
ami their pFr-eipifatioii as rust, and also tlie dejsilarisation of the metal surface. 
This brings tis liack again to the Ix'ginning nf tile cvcle. Fig. 3 shows the sequence, 
di'iacted in a similar mamier. as explaimsl by tlie Acid theory, and its conqrarUon 
with fig, 2 will further indicate the futility of continuing from a practical point of 
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view, the controversy between the two theories. Jt ran have no aptwrent luetill 
conclusion, nor is it likely to help in the solution of (irobleins inruht'd in the practical 
preservation of our inftals. 

A condition, which iiiav In* regatrletl as an nnifh'ficntion of (lie Acitf fheoiy. has 
been reachid by J’aul {hoihr CicHiiaff// iiml Fffil-Htilrr Nop/ihes), who, as n result 
of hi.s investi^nlitins. states that in the ])r<'.sei)('e of iiii e.'tis'ss of carhoTiie acid, fri'e or 
stmosjheric o.wjren is not essentia) to ciirrosioii. lie i'x|ilaii)s the procitss under 
these c<inditiotis as follows: 

(ir>) IhV 1 lILCd, IKet'd., j HL 

(ifi) IFd'tlj e Ulll^tJ IKe'((HI)^ i ill.t’Oj i liirCddll (forniiciicia) 

(17) Fe i mi.COttll l'V(CMrtj, I IN 

(l«) :;Fe((’H(l,)j • '.llij , :ilL() ‘Jl'V(dH),, ; :iil.(‘ll(i | II,('<h)II 


The first ri'actioii is .straielitromani ami results sitopiv in tlii' |ir<iduellon of ferrous 
carlioii.'ite and jiaswois hvilruf'en. In the seeruid .stap', eijiialiiiii (Iti), the ferrous 
carboiiate is deeotnjniseil liv water into (eiiic livdm.xide. and this is lU'eiitiipaiiiial 
by the reiieiierafion of one half of the oriftilial '|ilaillilv of earlsniii' H(‘i<l and tint 
prodiii'iioii of foniiii' acid. I'lie re venerated earlainie acid ullaclis more metal, 
and till- foriiiic aeid is res|K)iisilile for llie prodiK lion of fernmw fonimlit as shown 
iiie<{Uatioii(l7|. Finally, the fioroijs foruuile isaetial iijhui liy I he nasemis liyilro((en 
evolved in eijUatioiis (I-')) and 117), vieldiii;; ferric livdro.vide and some fiirmuldehyde 
ami ■'■•I'eneratinfi funiiK aeid, ecjuation (IH). It will lie imied that ilurinft this 
se(|iieiii'e the eaihonie acid is eontiimallv Ix'iiif; halved in ijiianlily and the formic, 
acid, fii'si firodiKisi in e<|iiatiri}i (|t||. is reduced to J.j fsT eejil. ill its ori){inid 

concent rat loll. For eorriisioii to (ins.I in tills way. t.i'.. ill the alisetice of atliios- 

plierie o.wjjen. the siifijily of uni ionic acid must 1 liiridiire )ie itiaintainwl, and its 
action is not to iie i'oiii|sired iviih the calulytic-likc action of a truce of carlsiiiiu 
acid as e.vjihiined liv the .Icid lliisirv jiio)s'r, 

I'aid s .suo)>e.stiiiii. as a|i)ilica)ile to sficciitl isinditioiis, has much to siilistaiitiate 
it; the reduction, in aipieons siiliitiim. of earlsuiie acid In formaldehyde has laien 
effected lie Fenton {Tmiis. I'krni. Sm-., Iiai7, 91. htti), ttiid the risiiiction is accele¬ 
rated liythe [iresencc of ferric hydiiixide. Also there would a|i|iearto be little doubt 
that when an e.vn-.ss of carlsinic acid acts on iron, organic coriijxiunds are produced 
which limy lie regarded a.h reduction or de^iaiiatioii [irixtucts of carixiilic acid. It 
aeems jarasible also that the formation ol llmsi' coiii|xiiinds may la; acconi]tallied 
by MU evolutiim of oxygen, and should this Is- so, thi‘ eijnations ITi-lH might be 
QiodifimI to approwii more closely to (lie Acid theory, in tliat the oxidation of the 
ferrous cnmixninds to ferric hydro.xide rouid txi eonsidereil as effected directly by 
this o.vygcn. More evidence is necessary, however, before such an explanation a« 
the aimve can be extended to caws of general stimispberic corrosion. 

The Colloid Theory of C'orroxrnii.—Aithougli the electro-chemical conception of 
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conuflion w applicable to the interpretation of practically all phenomena connected 
with the various pnrcesscs by which corrosion may occur or by which it may be 
accelerated or retarded, yet there are some few instances ilk which it fails satis¬ 
factorily and completely to (explain the facts observed, A consideration of these 
cawsi, SLLpprtixI by much cxjwrimentnl evidence, has led Friend {Tmns, Chetn. Soc., 
1921, 119, !>32, and The ('mrasim of Iron, Carnegie Scholarshlli Memoirs, Vol. XI„ 
1922) to suggest a new theory, which not only explains these cases fully, but which 
may also be ex tend (sl to the processe.s of corrosion generally, and offers in many 
fnstanccs an alternstii'c c.xpJanafjon of the phenomena involved. This theory 
draw not mpiidiafr; the fiindumental pfincijjJe.s of the e/ectro-fliieniical mechanism 
of cotronlon, but, by the upjiJication of a new liyjmthe.sis to certain stages of the 
process of the rornislon of iftn), permits a more comprehensive explanation. 

It will be (’smvenirmt to di.seuss at this point some of the properties of colloids 
which have an important lieiiiiiig on Frieiul's theory. 

The stiidv of colloid.s dales back to IH.'il, when (Iraham (/V/d. Tmiix., 1861, 
161. 182, and ^tnmilen, 18,')I, 77, 5(;) drew attriition to the diffeivnee betweim the 
diffusive jwjsTtii’s of those subsfanees whieli can be readily crystallised from water, 
sucli Its iiioigallic salts generally, and those which cannot he ohlitiiieit in a crystal¬ 
line form, or only wilh great ditfkailty, I)f the latter elass, gums and gelatine are 
typical e.Mittiples, and tin' desigiuition “colloid'’ was originally suggested by the 
(ilreek word inentiiiig ghie, Tliis class is characterised by the inability of the 
substances iiicliided in it to pa.ss, or dilViise, through aoimal and vegetabh' mem* 
branes. This negative pin]s)rty is made iwe of in the seiMiinlioii of eolloids 
from sulistances in the flint class, or eivstalloids. The former are retained by the 
nieinbmne whilst tlie crystalloids diffuse through it. 'The process is known as 
“ dialysis." 

The niiKlern applienfion )>[ the word '■ colloid " infers a isirtieidar physical 
condition, in which form it is now (sissihle to obliiin many snlvstatiees, and not, 
as originally, to a di'fmite class of niateiials. Tims a colloidal solution i.s now nnder- 
wtoiul to ituiicutc, not necessarily a sohil Ion of gelatine or glue, but any .solution wliicll 
pnasesses speeitic properties ceinparable with those of a gelatine .solution. Colloidal 
solutions of hytiro.vides of iron, of snlphiir, ingenious sulphide, metals and metallic 
aolts, etc., are more or leas readily prejiiired. 

A solution of a mlloid differs in many n^spects from I hat of a crystalloid or true 
iiolutioiK the osmotic ])ressnre of the system is extremely small in ctnuparison 
with the ipiantity of substance whieh may be pre.sent, and the colloid h^ little, 
if any, intlnence as regards depressing the freezing (siint or elevating the boiling 
point of the liqtiid niedinm, Tliere exists very strong evidence that colloidal 
solutions, particularly those in wliich we are liiterestcti in this connection, arc really 
aiwponsioiis in the liquid of extremely miuiiCc solid |iurtictes, which are retained in 
snspcnBlon by the tenacity of thi) medium. Tlie size of the particles we may hero 
regard as intermtaliate between those in a iiiechunical susjionsioa and those in a tme 
or ciyatalloidal solution, whicIi taller are. of course, of molecular dimensions. The 
fluid in which the colloid is 9us])clidesl is known as the " disjicrsion ’’ medium, and 
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the coUokl w the “ diaperaoid." One ewDtUl difference between t true edntioo 
•nd n colloidal eolutjon is that the latter ia a two-phaae styatem and the former a 
Hngle-phaee ayetem. 

The two propertiS; of colloide which Iia%'e tite iiKMt .ai|(iii()ranee in regard to 
Frieud'a theory are their behaviour in an eleelrieal held and their eoagalatioa or 
preeipitafiou from solution, or rather from snspetwion, hy certain agent*. 

If a current i* passed through a colloidal solution by means of two elertisxlni, a 
migration of tlic dispersoid occurs wliich may Iw. hsiket! ujmii a.s unnioguiis to that 
of the ions in a true sohilion. Jn (liis iwe, how<>ver, the mechanical movement 
is in one direction only, either to (lie eatlKide or to the iiiiode. de)S'iidijig on the nature 
of the eolloid. There is gisnl reason to jostifv (lie as.sutti|ition that the jrarticles 
of a substance, when in colloidal solution, carry elwtrieul charges, llais(? eolloid* 
which migrate to the am ale hcarijig iiagative clnirgi’s and tliose whicli migrate to tho 
cathode carrying )»)siti\c' cluirges. Ferric liydiuxiilc is otic of the latter and is 
therefore coasidered to Ix' an elect ro-)s>sitive colloid. 

Colloids may lie pri'cljiitutcd from their solutions )>y the addition of cojiijmunds 
which uiulergii ionic ili.ssociaiion in the ilispctsioii niHliiiiii. i.e., acids and salts, 
etc., ami front their Isdiavioiir in the pivsciice of such tsimjxmniis it is jHiwihle to 
divide them into two grim|(i: 

(I) " Sus|S'nsion " enlloiils. These give noli'viscous sohiiiojiH and am 
pi'eci|iitiitcil l)v stiiail i(miiitil it's of cicci rolytes. They can he restored to 
a colloiihil eiiiiilition onle he iiullred or roinidiifniot uieaus, and are, in coii' 
.seijnemv. also rejerivd to as " irieversihle ' colloids. 

ftlj ]ilioolsoirj " eollonls. Thiwi' give viscous solntiims aiitl ntii; not so 
readilv Jin’clpltiiled tiv eleilrolcles. They iiiiiv he liriaiglit into ridloidul 
soliiiioii agiiiii Ijy simple contact with ivater. and are llierefore called 
" reversihic ” colloids. 


The lirst class is the one with which we me chieliy concerned. The iirecipitation 
is effected hv verv small cjiinntities (d electrolytes ami seems to txTiir by a uoiitrali- 
aatioii of the charges earrieil by I lie colloidal partirh s by those ions of the dissociated 
elertrolvfc having the op|S)siti‘ sign. Thus an elect re-jiosi five colloid will Ire pre¬ 
cipitated by the elect to-negative iiui id a salt ill solution, that is, liv the acid radicle. 
On the other hand, an elect re-negative isilloid will he |pri'ci|iitaliHl hv an clcclro- 
ixtsitive ion or ha.<ic radicle. Furlhc-t evidenec in tliis diivciion is to be found in 
tbe fact that colloids wliosc charge.s arc jircsuitiahly of oji|sisite sign preciiiitatc 
each other. 

Small though tlie concentration of electr<i!yle necessary to )it«cipitatc a colloid 
niav be, yet it ha.s n minimmii value. Iielow' wliich jirecipitation i* not effected, 
This minimuni value has been found to Im of the same order for all electrulytea in 
which the precipitating radicles have ilie tame valency. Thus the minimum con¬ 
centrations of monovalent acid radicles required to precipitate an electro-pniitive 
eolloid will be identical irresjurctive of whetfier the radicle i* a chloride, nitrate, or 
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biwmide. Further, the liigher the valency of the precipitating ion the lower ita 
niinirniini concentration. The requisite quantity of a divalent ion is therefore 
lenK than that oi a nvinovalf^nt it)n, luit greater tlmn til at of a tri valent ion. 

'fhia very brief outline of sojiie tnilloidal properties will suffice as c preface to the 
following description of Friend’s theory. 

Friend’s Colloid theory apjiears to have resulted chiefly from an e.xaniination 
of two uppiirent iinonialies. When iron corrodes in moving water the lUte of corrosion 
is inllucnetsi in an unexjieeted tiianner hy tlie rate of flow of the water over the 
metal surface. As the riUe of flow is increased flic concision is at first rapidly 
ttcceleratisl until it reaches a maximum. After this, howei^er. further inerease 
in the velocity of the water is aecomjianied by a decrease in the rate of enmision 
until the latter apjacai's to he entirely arrested, and the cinly destnietivc influence 
to which tlie iron seems to he expo.scd is the maehaniea! erosion liy the rapidly moving 

water. The irsults of Friend's 
experiitleiits arc le|imduced 
graphieally in fig. -J. Coroksion 
is seen to reach a ininiiiitnn at 
a water veloeity of alaillt two 
miles per hour, after which cor- 
i'o,sion. as indicated liy observa¬ 
tions based on losses in weight, 
slowly inereiLscs, Since, however, 
visible evidenee of corrosion is 
lai'kitig at thi’se velocities, in that 
no rust aiqiears. this iiiereasc may 
' be lookisl iijsin as tlai eileet of 
tneeh.iuieal erosion. 

When similar observalioiis 
were made in an aeiil solution. dilTerent results were obtained, and it wa.s found 
that the rate of corrosion was directly ])rM)sirtional to the velia'ity of the acid 
medium over the metnl siiifaec, even at e\ee])tiiiimllv higli velocities (over thirty 
miles per hour). (‘oroMion iiinler these com I it ions is therehire lueelerated by 
iner<‘asii)g the velocity of the inedinm and not. as in the ca.se of water, reilneed. 
Also it was found that at a given velocity the rate of corrosion was almost constant, 
no matter what the concentration of the acid might Uv 

These a[i|>areiitly contrailictory observations are diffieiilt, if not imisissible, 
to explain by the theory of eormsiou as hitherto describe'd. Friend, however, has 
very recently offered the following suggestions : - 
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(1) In contact with water and air the iron is primarily o.xidised to ferrous 
hydroxide which is pwxiueed in the rolluidal or “ sol " condition, 

(i) 'rhis eolloiilal ferrous hyilroxido is then oxidised by the presence of 
excess of lur to ferric hyilroxivle, which also is produced in the colloidal form. 
(3) The eolloklal ferric hydrate then acts as a catalyst and accelerates 
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the oxidation of more iwn by itswll iindetjtoiiin reduction to (lie colloidal 
fcrioux Lydrat# or liydroxide, but in inmiediiWety re-oxidiMnl m in (2). 

(4) The pnxliict of corrosion, or rust, s[i)¥Hr» as tlic ferric iiyitroxidi! sol 
flijcculutes or |lli‘ciiiitiites out of solution, 

Corrosiiu) in water would jirocetnl by this tlieori' in I mi uses, one lieinjt a siin|ile 
jmicess of .solution aikI tlic other a cut a lytic pna'css. the ciitalvst la'inu a pis kI net 
of the corriision of the iron. In water or iieuIrHl media, the eiitalvtie iirtHess will 
)iredoniiimte and tlie rale of the formal ion of ihi' cataK'sl nilhihl will lat)(ely 
ileterniine the rale of corriision. In an acid mediiiin the |iroci'ss of si iii|i|e solid ion will 
obviously [inslonIiliate. 

The e.V|)]analiiin of I he diflereiil ladiuvimirs nf iron in neutral and acid nnalia ia 
now clear, lla|iid motion of a tieidnil iiicdiimi will nmiove the calalysint; colloid 
from the iron snrfiu'e as rapiilly ns it is fnrincd, and eonseiiuently the corrosion ia 
retarded. Kapid movement of an acid iiieihnin will, on the other hand, accelerate 
the rate of solidiiiti by increa.sinjj the imiiilirr of hydrii;!i‘n inns which arc liniiidht 
into contact with the iron in a ttiven unit of lime. 

Thi.s theorv has rTineh to snhslaiil iate it; any anciil. whether eheniical. phyaira], 
or toechuiiietil, which will destniv or icinnvc elect rn pi isilive cnlloids, such as ferric 
hvdni.vide .sol, will tend to ret aid < nrrosjon, whilsr hnlors ivlih li stabilise the Colloid 
ai'cclcral c isirrosion. 

The second aiiotualv to winch Kiiend has applied his new tinsiry is the iliiiuencr. 
of sail sotnlions of varying coneeni nil ions on eorro.sioM. As a t'eiieral rule, the 
pri’seiicc of a dissolved .salt inereases tile rate of corrosiijn, and the acceleration 
iin'i'e:i.ses wilh increase in the eoiicentratinn of the salt until a iiiaviiiiiini rate ia 
reached, hhirthcr Increase in the ionei idration of the sail brinjis aboiil a reduction 
ill the rale of corro.sloii. The Cnlhiid iheojy olfcrs a very rationiil e.vplaimlion of 
this, hilt ils more delitiicd cnnsideraT ion in I his cimnecliun wall be re.si^rvisi for a later 
chapter. 

Tl<f /’ciVAfiV/c, Oriilf ri)i<l /fio/iy/iia/ Thiijnin iif I'lirrmini). The [sist illation of a 
theorv nsmdlv rcsiills in a stiianlalioii of cnpiiiry into the jiarticular hmiicli of 
science concerneil. and is tliias-fore \'eiy iifleii the diri'Ct cause of an (ixfianaion of 
knowhslfte on the jiarih'iilar .siibjcci. Kvejj tlimidh the theory only lurtiaily 
c.\|itains the facts and mav he wain <liscari|cd. yet tin; discussion which it 
occasions, together with the prinfical investigations which iiicvitahly follow 
in iittciii)ds to condcniii or sulisinidiatc It, bring to light new jihenoineiia, 
the con.skicratiim uf wliii h results in the cvolnliati of a new f hwiry, soiiiider than its 
predecessor in that it ofters a fuller explanation of the processi'H ciincempif. l)i»- 
ctission and vigorous conlniversy ari' essential to the accumulation of knowledge. 

Although the following theories are no lunger regardidl an tenable, yet a brief 
representation of them should he given if only for the sake of cotn|il«t«nesii. 

A certain amount of drcunistantial evidence may lie advanced in sn}i[airt of the 
Peroxide theory of corrosion, suggeated by Dunstan. .fowett. and floulding (Trant. 
Chem. iSoc., 1905, 87, 1548), as the result of a long series of investigations. They 
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concluded that water and oxygen alone were neceasary for corrosion to commence 
anil proceed, and explained the process in the following manner: An intermediate 
product, hydrogen peroxide, is produced during the formation of rust, and accelerates 
corrosion by oxidising and jirccijntating the ferrous hydroxide first produced, and 
also by itself attacking the metallic iron. 

(HJ) 2Fe-f'm 2 () = m(()iT)j+2Hj 

m 2if, + 20, 2{I,0, 

(21) UFcfUff)* 4- ‘■iUA 2Fe(On),fru.st) + H/), 

(22) F-H-llA-.. Fe(OH), 

(2U) 2Fe{()ll)j f IlaOj - 2Fc(OH)3(rust) 

• 

It is jx)ssib!(; to detect trtwc's of liy<irogen jjeroxidi; when many metals corrode 
in water to which air has access. Diinstan and his colleagues made many ex()en* 
ineiits to obtain evidiuioe of this kind, ami although they were .successful in detecting 
hydrogen jwroxide (luring the corrosion of e()pper, tnei'cury, lead, silver, tin, zinc, 
and bismuth, they raihsl todetec^t it in the case of iron, Th(>y attribute this failure 
to thn rapidity with which the peroxide is deeom]sisecl by iron, and argue that 
failure to detect its |ires(!iiee does not m'ces.sarilv ]irecliidi' the ])ossibility of its for¬ 
mation. There nre other s(uiolls (dijeetions, however, wliicb pn'vetit the acceptance 
of this theory. In the first place, pure bydrogi'ti |K'roxiile in dilute solution is without 
iiction on iron, so that ('(piatiou (22) cannot lie accepted lus truthful. fSecoiidly, 
substances which will destroy hydrogen ])i‘mxide slionlil, if the theory is correct, 
prevent, or at any rate rotard, eorrosicoi. Many of these snlistaiices do ant in this 
way, hut the fact that otlier.s do not. is sulllcient to detract from the soundness of the 
theory. Thirdly, it should not l>e assntned that tlie presence of n suhstanee which 
destroys hydrogen ]ieroxide will also prevent its uioineiitarv forniatioji. If it is 
produced at all, then it should result in visible corrosion if the I'eroxide theory is to 
fit the facts. Finally, it may Is* pointed out that the jnesence of hydrogen (sn-oxide 
should he dot eel able during the corrosion of iron l)y the very delicate meatis which 
n«> at our disixwal. In ex'ery case, however, negative rraults have been ohtainctl. 

Tile Oxide theory of eorrosion reganled the process as one of simple o.xidation. 
similar to (hat which results if iron is heated to a .sutiicicntly higli teiiijK-niture in 
dry air. hut by occurring in an aiiueous nnslium the pnnlncts nf the oxidation were 
hydrated. It Ls prolmbly the oldest and original theory, and was at oncgdiscarded 
when the fact that linuid water wiis essential was discovered. Nevertheless, it 
paved the way for the .\cid theory. 

Various hioiogists have drawn attention to organisms whieli deeum|xxsc ferrous 
salts, both mineral and organie, and cause the precipitatkm of rust. It is not sur¬ 
prising, therefore, that a theory should have been brought forward suggesting that 
such organisms may be a direct caiBC of corrosion. It is readily proved, however, 
that corrosion can occur in niedia which are unquestionably dexmld of organic living 
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matter, aod, moreover, so oi^ganuin has yet beeo found which lives or feeds upon 
metaQic iron. Evea assuming that such did exist, tliey would necessarily have to 
bring the iron into solution before they could ossiiuiliate it, and this would probably 
be effected by some'acid secretion. Tlie Arid theorj' would include any process 
of this kind. The corrosion of iron is not due to bacteria, nor is it prevented by their 
elimination. The observations reronlei! by the biologists are most probably duo 
to the dccotiipo.sitioii of orgatiic ferrou.s salt.s by the organi.stits wjiieh roijuire the 
organic radicle for their .sustenance. Tlu’ iron will he set fn‘i‘ iiroiwihly os ferrous 
hydroxide, and the ni.st i.s tlieii prodiieid by the [iroee.-ss jilroady de.seribed. 




CHAPTER III 

FORMS OF CORROSION 

If the Ionic or Electro-chemical theory of corrosion, as described in the preceding 
chapter, be accepted it i# then easy to divide all practical cases of corrosion into 
three types r— 

(1) Auto Corrosion. 

{2) Contact Corrosion. 

(It) Externally Induced Corrosion. 

The third type of corrosion is the result of the passage of a current, generated 
from some external source, through the luctal whilst the latter is in contact with an 
electrolyte. If the current flows in that direction which necessitates the metal 
acting as anode, then corrosion res tilts. If the current flows in the opixisite direction, 
i.e., from the electrolyte into the metal, tlie latter receives protection from corrosion 
which may be complete provhled the E.M.F. of tlie current is sufliciently high. 
The Tccngnitinn of this fact lias beeu turned to ])ructical account in the Cumberland 
system of preventing corrosion, of which more will be said later. 

Externally induced corrosion is not so common as the other two typs, though 
its frequency has no doubt increaseil with the more wiilespread use of electrical 
power. Thus, the corrosion of the feet of rite standards used to carry the overhead 
cables for electric ttanis and trains, may often be largely due to leakage from the 
power transmission, and cases of corrosion in various units of ships eciui]iment have 
aliw) been tracwl to the priaeiice of stray fields and leakag*». This tyjie of corrosion 
rs nothing more nor less than simjile electrolysis, and the corrosion of tlie metal is 
strictly comparable with the corrosion of the metal amides in ordinary plating pro¬ 
cesses. In the case of iron and steel embedded in the ground, the metal and the soil 
act ns elnctrodro and the moisture present is decomposed by the current into hydrogen 
and oxygen. The latter eflects the oxidation or rusting of the metal in place of the 
StUiDsphotic oxygen, whoso rate of diffiuion through the soil or clay is often so slow 
that corrosion, if it wore depndcnt on atmospheric oxygen alone, would be extremely 
alow. 

The most commonly occurring types of corrosion are Auto and Contact corrosion. 
Auto corrosion is that which occurs when a metal is in contact with an electrolyte 
but la not at the same time in contact with any other electrical conductor, neither 
metallic nor non-metallic. In the academic case of chemically pure iron, oorrcaion 
wuld proceed simply by the exertion of the solution pressure of the metal, in con- 
junotion with the presence of hydrogen ions and the oxygen dissolved in the electro- 
lyta, which both depolarises the metal surface and oxidises and precipitates the 
primary products of solution as ferric hydrate or rust. In practical cases, auto 
corrosion proceeds by the glavanic action which is set up as a result, of the hetero- 



FORMS OF CORROSIOX 


85 


geiMOQ* atructwe of the nietal or lUoy. No coniineroial meUl exieU ill which then 
is perfect homogenei^, there is alwore eome characteiwtic of structure, some alight 
degree of segregation sir the presence of embedded impuritira which is sufficient to 
impart vatriog potentials or solution pressures to adjacent areas of the metal surface. 
For this reason auto electrolysis is set up by which the more electro-positive areas 
dissolve and, in the case of ferroas material, are eventually juecipitated as rust. 
The pronounced heterogeneity of eonie iilloys, such, for instance, as brass, is no 
doubt largely responsible for the rapidity with wiiieh (hey frecjuently corrode, and 
in the case of iron anil iron alloys there is a large volume of lo-idcnce to show that 
heterogeneity, whether indiiceii by slnictim- or segregation, etc,, is (•<uuiuri\'o to 
accelerated corrosion. 

Contact cormsiuii la'ciirs when the metal is in eontuct with some otlier conducting 
material, which is also iumiersed either wholly or jmrtinlly iii the electrolyte. If 
this other coiiductsir is a metal, then the corrosion nf the first nietal will bo cither 
accelerated or retardeil. according to the electro eheiiiieal roUtionship lietwecn the 
two metals. If the secomi metal is electni-|X)sitive to the first, then it. will protect 
the latter at its own exjx’nse by itself corroding or dissolving ]iriifer»intially, but if 
it be electro-negative to the first metal then the com>.sioii of this will be accelerated 
(or the second metal will receive ]irotectiiiri at t he exjwnse of the. first), Thu practical 
recognition and application of this niuy Isi found in (he practice of jirotecling boilcra 
from corrosion by iiLserting slalis of the more eks'tto-jKisitii’n metal ainc and in 
the protective coatings of rinc which are apiilied to iron products by varioia pnicesce*. 
Other conditions being the same, the rate of the cmilact corrosion of a metal ia 
usually greater than the rate of its unto corrosiiin. If the second conductor is non- 
mctaliic in character, it mav generally Isi assiimis] to Im clcctro-ncgativc to the motal, 
and contact between them will thercfori: restdt in an accelerated corrosion of the 
metal. 

In both lype.s, auto and contact corriision, galvanic action is the jirimary cause 
of corrosion, each jirncess is one of elect roly.sis, but in aiilo corrosion the clectrolyxis 
is self-induced by inherent eharactcrisliea of the metal, and may therefore be dis¬ 
tinguished os auto electrolysis, whilst in contact corrosion the electrolysis is the 
result of the contact between the metal and sonic otlier conductor to which it is 
dectrD-po.sitive. tiince galvanism, then, !s rcajsinsible for the majority of corronion 
troubles, it may be desirable to discuss this action in more detail. 

From what lias atreaily been said there will be no difficulty in differentiating 
between galvanic and electrical action, since the latter always implies an externally 
generated current. The actions are alike in principle, but their results differ gteatly 
in degree and in character. Electrical action usually tends to induce a moK oi 
less uniform corrosion over the entire surface of the motal which comes within iti 
sphere of influence, but galranic action, by reason of the low E.M.F. of the local 
currents which are generated, and also because of the fact that it may result from the 
potential differences between adjacent areas (as in auto curroeion) oh the same 
surface, more frequently results in a selective or preferential corrosion of certain 
portions of the metal. For instance, an electro-poeitix’e area in contact with one 
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of lower jwtentiai will dj'ssolve in preference to the tetter, and the final result is 
apparent in " pitting.” A good example of this is to be foiiftd in the corrosion of 
brass, in wliicii tlie condition gencTally known as “ dezincification ” is often pro¬ 
duced. The nett result in these cases is the removal of the 7Hore electro-(xjsitive 
constituent of the alloy, i.e.,tlie zinc, wliich leaves the copper as a porous and .spongy 
residue. 

tin I van ic act ion. wind her induced hv the ch a raet eristics of the corroding metal 
itself or by contact helryeen dis.siinilar inefals, is can.seil by difTerences in electrical 
potentials, or, in other words, and for our jmrpose more descriptive words, by 
difleninces in solution press iiie.s. If two metals are in tout art with each other and 
with an electrolyle, the one with tin; iiiglier solution pressure will dissolve, and is 
said to Ihs electro'ISisifive to the other tuetal, which has the lower solution pressure 

and w'hich dors not dissolve. If a ... ibm and a piece of eojipcr are jilaced in 

contact with each other in dilnti' sulphuric arid, the iron dissolves and the co]>per 
remains nnattackefl. I{e))iiii'r the enp[ier hv /ine and in this case the iron is un- 
attaeked whilst the zinc fiissolves. The zinc, theisdori', is electro-po.sifive to the 
iron and sitnilaily the iron is electr<)-]sjsilive to the eopjier. ami in the electrolyte 
the dirediiin of the galvanic cniTcnl will he respectively from the iron to the eopj)er 
and from thi^ zin<! to thc‘ iron, that is. from tin' more electro-positive metnl to the 
less elwtro-[iositivi' metal. It is clear, then, 1 hat the niori' electin-jxmilive com|ionent 
of such couples functions anodiealiv, and conversely it may he correctly inferred that 
IcArWCirr a mt'tttlaflitmiirolUi it itttca /m/ 

|{eten‘ing again for a luoment to extevnallv iiidncecl eorrosion. Ihesi? oliser- 
vations give fuithei emphasis to ihe statemeiil that for an e.xteinally generated 
current to cause corni.sion it must flow from the metal into the elerl odyte,and that 
in eases where it lluws in tlic' oppo.site direction its action tends to lie, and will he. 
protective, if its K.M.K. is of sutiieient niagnilinh'. Sneli methods of electrolvfie 
protection as the ('umherland .system ( 7 Voh.«. Fiiituhif/ Nis-.. 11. 1!) IT) I (i) are flierefore 
theorelieally sound, as also is the jauetice of hniler protection with zinc slahs, whereby 
a finitiH’tive galx'anic enrreut is prodnissl foi‘ wliich llie tiieitd of the hotlev acts as 
cathode, reei'iviiig the current froio the anodic z.inc through the water. ITifortu- 
nately, liowever, secoiidarv infhieiii'i's arise in praetiee which seriously nsliiee the 
effieieney of this type of theoreliiallv .sc on id prott'Ctive measure, in some cases even 
reversing the intended oisler of things and thus accelerating cormsion. 

The follnwing table gives a list of the comnomiT luetals arranged in order of 
their snliituin )m‘ssuri's or eleetrictd [sifimtials. Aiiv luetal in the series is eleidro- 
negative to all metals which jirtwede it and electro-|Misitive to all which follow if ;— 

1‘olassium Manganese Nickel Tin 

Sodium Zinc la'ad Mercury 

llariuin {Hydrogen) Antimony Silver 

t'aleium .Aluminium Bismuth 

Magnesium Inm .Vrsenic (Iron carliide) 

Chromium Coladt Copia'r (Iron oxide) 
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If «n.v t«ro vf (hv dlxive nieUb atv iuiii>em‘d in 8U «lectrulyt«, vitlicr Id oontoct 
with eAch other, or )w|)t Apart nod r»iiiiert<H( cxl«‘miilly insiteaci by a wire, then the 
one wliieh jm*cede» t|)e (pfiier in the M'ries will dissolve or beititiia the hiiocIo for the 
eurrvnt ^'iiersted, wliilst the one upiwiirin); later in the series beeonn's the cathode 
and diieii not enter solution. 

Kor the lari's nmjority of eases tlii.s ttiny be ace<‘]ited ns the rule, hut it iinist 
be ri’toemlwrtsl that the relatii)ii.slii|) between the .solution pressures of two metals 
may lie jiiHiietit'ed by other factors such its the isitieetilration, eoni|i(>stti(in, and 
tem[HTatiire of the eleetrolyte. It does not inviiriably follow, therefore, that, 
beeaitse under one set of comlitioii.s a eertiiiii nietiil l■^llibitsll hit’hi'r solution )m'ssitr« 
thftii a setsiiid, this will a I wavs he the case. The rehitiolislilp niav he reversetl 

(reversal of jsilarityl, so tiini ... wliieli was oripiiinllv electro (sisitive is now 

eleetm-m'i'ative. or the niiij'ilit iide of the dilTeienee between the Iwd koIuIjoii pressnrofl 
nmv be iiirreitsed or ted need, as e vide need by iitl aereliratei! or ri'Isrded rate of 
t.'orro.sion or solution of the ariodie metal. 

This olfers some e\|]|analion fur iitimv eiirious anomalies whieli eontiU't. with 
(sirrosion ti'ouhles i.s sure to jiresioil sooiii'r or later, and at once jioijil.s out the 
f<Hilislini'.s.s and Intility <if atteinjitint’ to form a t’'‘iii‘rallv npiillcahh' esiiinate of the 
relative eiirrodilalities of various meliils. sav of cast inm Eiiiif steei, for iiistaiice. 
Til lie id aiiv piai'tieal value sueli eoiii|iiii'isiiii.s will have to he made for each spivifin 
.set of i-otulition.s, and llie clioicc of eillier east jnin or id a particular hind of steel 
must be made, not finm a I'eiiiTUl cunsiileration as In which material is ttelierally 
repirdeil us least corrndible. Imt from a cnnsideralioii as to which metal has Iwell 
proved bv e.v|S'rieiu'c or liy definite e.'i|s'riiueii1 to be the most suitable for use under 
those jiuilieutur etinditiiul.s In wliicli il will hi' e.vjsised iluiiliK service. 'j'liiTn have 
btsm iniiomerable a.s.sertiuiLs hy muiiidacliiiers of various hinds of fermtts liiilterialM 
us to tiii'ir e.vrel lei ices in rust-re.>^j.s tin;; |uii|S'rlies. but the laboratory tests or field 
tests u|xiu wliieli these stiileiiielits are hased vary so wiilely and lepri'seiit aiich a 
liiiuted ran;>e of practical conditions that the ititeili^'enl eonsiilner jaiva but little 
at I cut ion to them nowadacs. and eliiiosc.s his material, as fur as isissihle, from 
considei'iiliims in line with the alsive. 

To (sintiniie with tlie dismsslon of pilvanic net inn, it has hnui jaiintcd out that 
oheniieal hetero^eiieitv, whether the result id het;rej{ation, presence of irnpuritie*, 
or |s'culiar si met lire, is conducive to pal van ic eliatnilysis or auto corrosion. It in 
also known tliat plivsical heterogeneity has a like eflist. Stroimsl jairtioiu of a 
piece of metal evhibit difTcrent [sitenlials to the nlist rained jsirtions, Kxpcrinjental 
proof of this may readily he obtained by (uhinp a bar of inetuI, say inin or steel, 
ciitlinp it into tw-o liolve.s, and then straining' one of the pieces in some way, either 
by tension or torsion, etc. If the two pieces an’ now placed a|)aTt in an electrolyte 
and (sinnecteri e.xternally by wires tlir<uigh a palvanometer, it will be seen from 
the deflection of the latter that a ciirn-nt is flowing, thus deinoniitnitin;^ that the two 
(liecea of metal, originally alike, now have different solution presaurw. There i« 
no general rule hy which we may )>redict whether the strained metal will be deotro- 
poaitive or electtt>-negative to the unstniined metal, this rclationahip being largely 
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dependent on other local influences. The modification in the potential produced 
by etrmning is always of very small tn^nitude. '■ 

Two characteristic and frequently occurring practical illi^trations of the eflect 
of straining a metal arc to be found in the rapid corrosioii which may be often 
observed to take place on the metal immediately surrounding the rivet holes which 
have been punched in steel plates and on the bends on angK irons, etc. In each 
caae the metal in those areas has been subjected to severe strain, and where the 
conditions are such that the strained metal behaves electro-positively to the general 
bulk of the metal, these lidrtiuns ujrrodc niore rapidly. 

An ingenious and convincing metliud of demonstrating thei galvanic mechanism 
of auto corrosion was perfected by Cuslinian and Walker (J. Amer. Vkem. Hoc., 1907, 
28, 1367, and J, Iron and Steel Imt, 1909, 1, 33), who introduced the reagent now 
known as ferroxyl. * 

When a strip of iron etirrodes by auto corrrMion thrirc will be, at the positive 
areas or points, a concentration of ferrous ions, whilst at the negative jshnts, where 
no solution of the metal occurs, there w'ill he a concentration of hydroxyl ions. If 
a trace of phenolplitlialein is present in tlie electrolyte it will indicate the electro¬ 
negative or cathodic areas by tiic develo))iiient of a pink colour, and if, in addition, 
there is also present a little |s)tassiom ferricyanide, this will show uj) the electro¬ 
positive or anodic areas by the pn)duction of a bloc colour, due to the formation 
of Turnbull’s blue by iiitcrreaetion between the ferrous ions ami the })ntassium ferri- 
eyanide. Cushman and Walker pR>j)ared the ferro.’tyi reagent by stiffening the 
elect roly t<f with agar-agar or gelatine, so that it sets to a jelly on cooling. The result 
is that the colours producetl are iiiueli more permanent and leas uffecttsl liy e.vtcrnal 
influences. 

If a piece of iron is proisirly mounted in fins reagent, the colours which develop 
are definite proof that tliu solution (iressure of the metal varies at different points 
on its surface, and that its corrrwion ])rocends, therefore, by galvanic electrolytic 
action. Fig. 5 shows three needles mounted in ferro.vyl. The strongly-defined 
blue areas and the somewhat liazy pink areas indicate the non-urtiformity of the 
metal, which was taken direct from the packet in which it was purchased and simply 
cleaned in aclohol before being mounted. Fig, G is a further illu.stration in which 
the metallic objects consist of two needles and an ordinary nail. The reproductions 
of the preparations are not all that could be desired, but the fact that there arc three 
strong colours, the yellow of the ferroxyl mount, the blue, and the pink, does not 
facilitate faithful photographic reproduction. 

The use of this reagent affords also convincing proof of the correcttihss of the 
Electro-cbemical or Ionic theory of cotrosiou. The ferroxyl is extremely sensitive 
and has been of considerable value in the theoretical study of corrosion. It showa 
very plainly that even the purest iron develops points of different potential in an 
electrolyte, and that, therefore, perfect homogeneity would appear to be an un¬ 
attainable ideal. The more pronounced the heterogeneity of the specimen, the 
stronger are the coIdoib produced, the more clearly defined are their outlines, and the 
greater is the speed with which they are developed. 
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A furtW interestm^ phenomenon which is clearly evidenced by ferroiyl is the 
reversal of polarity which may occur between electrodio points on a corroding iron 
surface. When oorrpsion first coiimiences the cathodic and anodic areas are indi¬ 
cated by the pink and blue colours as already described. After a time, however, 
it may someliiuea bo observed that the originally blue areas are dis{>eT«ing and 
are being replaced by pink zones, whilst tlie pink zones are being repla^ by blue 
ones. The explanation of tiiis is nut dillieiilt to find. The (xiutinucd solution of an 
anodic area may result in the ex]x>sijig of an urea winci) is electro-negative to the 
original cathmlic area so that tlie latter now comiiienceH to act anodically. Such 
reversals in {(olarity between )Kiints on tlie metal surfiico may occur frequently, 
and it is not assuming too miieli to say that the more homugeiieoiis the metal, the 
greater the frequency of reversal, and lienee the more uniform the corrosion. Con¬ 
versely, the mure pronounced the esegregatiim or heterogeneity, the greater the 
tendency to corrosion in the form of jiitting. 

Whilst the ferroxyl reagent is of undoiihied value in ilemuustrating the eieCtro- 
chemirsl mechanism of the corrosion of iron and tii<‘ effects which segregation and 
local strain tend to produce, or induce, yet it would not apis'ar to be a warrantable 
procedure to a[)ply unreservedly the inferences from oliservatiiins of the behaviours 
of metals in the reagent to actual praefiee. In the first place, eorrosion in the 
reagent takes iilace under unique and highly spei-ialised conditions (conditions 
which would never obtain in firaclice) which remain roinjiarativcly constant and 
which urn but little affected by external inlluenees. The conditions tinder which 
ttie-tal corrode.s wliilst in service are infinilely more ctmiplex and are constantly 
being aggravated or alleviated, added to, or reduced in number. The anodic 
portion- of specimens mount eti in ferroxyl may lie }iruved tei coincitlc with known 
variations in the nature of the material, such as the jiresence of inijmrity, segre¬ 
gation or strain, and tliough it may hi^ correctly inferred t hat such variations facilitate 
electro-chemical action, it does not necessarily follow, for instance, that a strained 
portion of a piece of metal will act anodically in service. The reagent is so designed 
that it is very sensitive to extremely slight differences in electrical potentials, the 
effects of which may readily be maskid, reversed, or rimdercd negligible in the 
presence of other cturosivc factors which occur in practice. 


l*AS.SlVITy 

The recognition of the “ jaussive " or chcinically inactive state of iron is one 
of long standing, but up to the present time no theory has been advanced which 
gives a thoroughly satisfactorily nr coniplete explanation of the phenomenon. It 
is beyond doubt that passivity, however induced, is wbolly associated with the 
surface film or layer of the metal, and the behaviour of ]iassive iron may be due 
equally well to either a physical or a chemical change in this layer. Many instances 
might be quoted to illustrate the varying degrees of chemical activity whii^ may be 
oonfened upon a substance by alterations in its iihysicid condition, the diemical 
compomtion and structure remaining, withal, unchanged. 
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A rtrict criticism of what is implied by the term “ passive,” i.e., cbemical in¬ 
activity of the Metal, would necessitate its interpretation as a definite or peculiar 
Iihj^ical condition; fr)r if passivity is the result of a change in tjje chemical condition, 
such, for instance, as the deiswition of an oxide or gaseous film, then the activity 
of the underlying nuiUl is obviously uninipairod, but is prevented from manifesting 
itself by Ihi' presence of a prot(active film or coating whose exti'emely low solution 
pressure nmders it mon; or less permanent. Hence if pa.ssivity is due to such a 
protective fdni on the tm?tal jrirfuee, the term cannot be rightly regarded a.s denoting 
a specific condition or |iro)s:rt.y of the nietal. 

As grmeofcllv imderstfjfid, firiwever, jsussii't:" is the term ase(v to itulicate that 
condition of) he melal in which the u|ipetiranc<; of its .surface is not visibly altered, 
but in which its chemical activity or soJution pres.siire is reduced iiinio.st to nil. 
The waul it ion is always fugitive, though lhi‘ lengili of it.s duration may vary according 
to the method hy which it is induced, and it is considerablv lengthened if the [svssified 
iron is kejrt, <lry (Ifeatlicote. J. iS'w. ('ttnii. hut.. l!ttJ7, 26, 

It is iisnid, for purjxisi's <ir deuiotistiation, to pas.sifv iisin by iiiiniei'sion in strung 
nitric acid, and it. was in this miiimer that tlie [dienomeiinti was original I v observed. 
It was NiKin found, however, that other aeids, .such as chromic, iodic, and chloric 
acids, would indnei> the same condition as well as mixtures of aeids and salts, or 
even aipiwnis solutions of cerfjiiu salts, for instiLiiee. lead and silver nitrates, per¬ 
manganate, anil biehismiiit)' of |K>tas.siimi, |)rovided .suit able I'oneentrat ions were 
eitiplo.voil. 1’as.sivity may also be ilidneed by momentarily heating the metal ill 
air or by exjsisine to I'ertaiii gases, stiidi as nitric oxiile ami nitric arid fumes. Iron 
may ui.so is' isuulered |sissive by making it the anode during the eleetroivsis of an 
aiiiieoiw I'lectrolyte. nsimllv caustic soda. 

The outstanding jiroperly of passive iisoi is. of wnirse. its reluctance to enter 
into those retu’tioiLs which characterise the aeljve metal. It will not ritsi, for 
instance, and it is insoluble in acids, unless nmile the anode for an electrolysitig 
curivnt. Its rust-resisting pisiperties have naluially attracted ultetition with a 
view to prudiicing a permaneiilly passive (sniilition, but. so far wit bunt success, 
so that flic jaissive condilion cannot yet be tiirnecl dinctly to aiiv ])ractical account, 
tboiigli certain paasifying agents are of coiisideralile importance in the protection 
of iron and stw'!. Tlie other jtroperties are only of sigtiiticance in illustrating the 
inetliods by wliii'b |iassivitv’ may be destroyed, etc., and in ]iro\’jding evidence 
either fur nr ngaiast the si'veral t henries w hieh have been .suggested tu explain the 
nature of tlie imssive eondition. 

The oldest theory is, strange to say, the one whieh lias jiroted to be the itiost 
coio]aitilile with the faet.s which subseipient research has brought to light, and is 
therefore the one which has ^'ceivl‘d the most generous adoption. That it is not 
wholly beyond criticism will smm become n]>[airent. and although it is the generally 
accepted cxplnliatiou, yet it is felt tliat an entirely satisfactory theory has still to 
be evolved. 

The Oxide theory assumes that passivity is the residt of tlie jirodiiction of a 
film of metallic oxide, which covers the entire surface of the metal and prevents it 
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from coming into contact with reagents to whose attack it ia susceptible. The 
tilin may—must, in flct—be so thin that it is iiii|xw.sible to detect its iiresanec even 
microscopically. An 41011 minor may be rs'nden'd (wsaive without iucmriBg any 
cslitiiabte rwiiictinn in its reflecting |xiwer. Tnnidwl it is continuous ami unbroken, 
the him may be so tenuous that its tliicktie.ss mac la' reganlisl as being of molectilar 
dimemsinns. It.s eotii|K>siiioii Ims bis'n the eausc of nuicli sja'culatioti. and iiltlmiigh 
several alteniutives liave la-eii suggested it is geriiTiiliy eonsidered to eonsi.st of 
ferroso-ferric o.vide, Kcjft,. 

.1 .senmd flieorv attrilniles |iassivitv In (lie foriiMlion of an adherent him of 
ga.>i flliieli acts .vimilarle In the (ilni of iiie):i/lie oviile diseiisseil aisivi'. 'riie gas may 
vary in kind according to the met laid used in ]>assjf\'ijig; tim.s it has been suggested 
that jiassivily iniliieeil tiv aimdii' |si|ailsaliiiii in siilpliiirie neid is the result of a 
liiiii of gaseniis o.vvgi'ii. wiliist |iassi\’liv {ir.idiieeil lie immersion in stioiig iiitrio 
acid is din* to an ci.xide of titliogeii liliii. Thb is known as tile (laseoiis li’itin tlnsiry, 

Tlie third, or Iflivsieal llieoie, |iivsimies an nlteratloll in the pliysieiit or eleetricai 
eondition of tin* siirbiee of the iiietnl by lossifying agents. sUeli as the ]injdnetiiia 
of triv.ileiit iron. Ihov far this assimi|itioii Is jiistilied it is dillienlt to say, there 
is no evidence to siioiv that trivaleiil iron i* inaeliee elieinieally; this is n'rtilinly 
not tile ease u hell trivaleiit iron oven is in eonilanation with other elenieiits. If, 
however, pissivitv is realty a iiii'tiillie jiro|x'rtv ami uni (lie nsiill of protect ion as 
assiiMied by the tl\idi‘ ami thiseous ('’ilni tiiniries, then the I'liysieai llieory would 
apjs ar to la* ihe 1110*1 ralional. bill siiiee we do not know w het her passivity is 11 
iiietidlie projiertv <0- not. this tlieoiy must bi' niveptrsl or lejeeled on its merits as 
revealed bv a careful e.vaiiiiiiation of tlii' r vidi'iiee availabli'. .''iliee. however, the 
passivilie.' prorliiierl be alternalive methods are not in evry case ideiitleai 111 thetr 
Is'liavtoiirs. it Iliac lie possibli' that each theory is iip|ilii’alile to eerlaill forms of 
juissivity. 

The <-videt)ie from whieb an estiiiiale of the <om|airiUivi‘ valiiiilies of these 
theories mac In' finiiied niav Is* *iiii]iiiaiis'‘d in the following manner by considering 
.some well-esialilislii'd |iro|a'itii.s of jaissivi' iron. When passivity results from 
inituersion in a li*|ind media tie' latter is nivarjably an u.vidising agent. Tliia 
providiss eonsiilerable eexlenee in favour of the ()\ide theory, hilt it does not 
iicce.s.ssirilv retleet aiiversele on tin' oilier two theories, The giisisius oxygen which 
niav tie lilierati'd on (lie .siirfaee id the tm'tal wcnild conform to the tfaseous filtit 
theorv, since this o.vegen iiei'd not eombiui' with the iron. It is known that the 
metal may remain in eoiilaet with oxygen, under certain conditions, for an indefinita 
period wit 1 101 It any comhinatioii oiTUiTiiig Is'tween the two elemelits. Wc are also 
bound to ri'gnril the film of gas nssilfiiciciilly (ontinuniis and imi>Wietrable to prevctit 
contact lietw'eeii the iron and the liiptid mKlinni, ami in the ahsciice of such contact 
reaction lielween tin; metal and the oxygen will not fake place. Again, (xinfaet 
with an oxirlising liipibi may be haiki.sl upon as (larticularly favourable to the pro¬ 
duction of a physical change in the metal, such as the formation of trivalent iron 
or other mmlificntion in the electrical ramdifion of the metal. 

I’oaaive iron is readily restored to its original active condition by varioua chemical 
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and medianical mnaiui. IrametsioD in dilute acids deeltoyB pa 88 ivit 3 r, and the rate 
of destruction is accelerated by those external influences,'such os elevation of 
temperature and ntechanical agitation, which usually increase the rates of chemical 
reactions, lightly scratching the surface, or rubbing, renders passive metal active, 
as does also the galvanic fleet ]>n>diiced by contact, W'hilst in an electrolyte, with 
a piece of a more elcctro-positivu metal, i.c,, zinc. These ob-servations lend support 
to the Oxide theory and also to the (iaw-ous film theory. The aetion of dilute acids 
and the acceleration of tliis action by the agencies referred to may be explained 
by the fact that the tenuous'film of iron oxide is dissolved by the acids, or that the 
hydrogen liberated on the iron, wh(m the latter is acting catluidically in contact 
with zinc, retluces tlnr oxhie filtii or the gasisjus oxygen him, thus removing the cause 
of passivity, whichever this may be. Mechaiih'al abrasion would, of course, destroy 
either form of protection, if not wholly, by at^i'ast so damaging it that its continuity 
is broken, thereby ex)K)Hiiig tlie eli'etro-positive metal hcneatli it to attack, when 
such action will be accelerated by differences in ]s>tiuitial between the icmatning 
portions of the film and the exposed metal. The remainder of a film of such 
excessive thinness ns is ussimu (I to suffice to impart passivity would, under these 
conditions, be almost instatitaiu'ously remetved, and hence the apparent result that 
scratching, etc., renders alt portions of the surface active simuitamsnisly. It has 
been shown, however, that the iintoiicheil areas are not aetiflisl in this way. 
If a piece of passive inm is scratched at one end then the immersion of the other 
end in some reagent shows that it is still ]ia.ssive, but if the level of the lii|uid is 
raised until the damaged end is submerged, then the whole piece at once exhibits 
activity. 

It has already bi^en ))oiiited out that ]inssivity is fugitive, and this fact has been 
quoted its evideticu against th<t Oxide tlieory. .Sach evidence is nut conclusive, 
however; it is clear (hat moist csiaditiims will accelerate, the activation of passive 
iron, but uveii iti the ahseiice of moistiiitt an o.\ide tilin of molecular dimensions ns 
regards thickness may U> anlicipateil to be extremely siiseeptiblo to such influences 
ao slight variiktions in tempevatun', t^tc., which could result in the flaking off of the 
fihit in much the same way as hammer scale is known to [tee! away from iron articles. 

Another method by which passivity may be destroyed is by heating the passive 
metal in a reducing atmosphere, itnd this may obviously be occluimed as substantial 
evidence in favour of the O.xide and (laststiisFilm theories, for in a reducing atmosphere 
it is equally easy to imagine tlio reduction of either a metallic oxide iilni, a gaseous 
oxygen lilni, or a gaseotis o.xidt! of nitrogen film. Oalvanie activation may bo 
explained in tbe same way, since wlien tbe passive iron is made cathodic, gaseous 
hydrogen will be liboratiHl on its surface and may reduce the ptassivifying film as 
above. This {irocesa of destroying pitssivity does not appear to afford much support 
to the physical theory, except that it might he argued that if an oxidising medium 
ia conduci\x‘ to tbe production of that physical condition which confers ptassivity 
on the metal, then the antithesis of this, i.e., a reducing medium, may be exptected 
to operate in the reverse direction, by restoring a normal physical condition associated 
with normal chemical activity. 
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Hesthcote (/, Soe. Chan, Ind., 1907, 26, 899) threw oonsideteble doubt on the 
tenability of the Gaseous Film theory by carefully conducted experinienU, in which 
he showed that, con^ry to previously recorded observationa, passivity i» not de* 
atroyed by high tucuo. lu his experinienta the passive material was subjected to 
pressures of the order of l/DO of a iiiilliiiu-trc, and it is only reasonable to suppose 
that any film of gas on the surface of the metal would liavu beeu broken up by 
such treatment, especially ns it was observed tliat tliu iiu>ta] gave u|) occluded 
gases. Yet on removal from the apparatus the iron was still jiaasive. 

Further ub8er\'ations miglit be given to supplenicut the foregoing, but they 
would serve no further purpose than to emphasise that the cause of [lussivity has 
still to be definitely estabUsIied, thougii it may ultimately' be found that, each theory 
is correct in that passivity may nut nm'ssiirily the nistilt of (ine jutrticidar cause 
only, but may be induced by a numbtr of alternative eauscs. 




PART |[ 

'niK CATSIOS OF (;(JRI^OSIO^' 

(.’l{An'KH IV 

TMK FFNXTION OF OXYOKN 

• 

Thk rnomls of olisiTviitioiis (in [irjititiiiil nixns of corrosion iirc very conflicting, 
and it would ii[i[)cnr nt liist sifflit tlinl iron nnil stocl lie have very erratically when 
cxjioHod to corrosive inflnciiiTS. Coliiiiioii sense, liowever, |)rucliid(‘.s tliis view, 
ninrw ill otlier (lirections a conshiiicv of heliavioiir is readilv seen to he exliilritod. 

If II series of ex|ierinunits is cnivFiiUy cnliiliieteil. nniler identical cnnditionB, 
on the rules of corrosion of |iieces of ei|\nil si/.o and sliujai of a jKirtieiilar sani[>le of 
inotal, coucordaiit. nwnlls will lie ohtaiiasi, and (lie reiison why such results are the 
exrefifion in |ini('tice is to iie fonlid in I he fact that, even in the simplest cases, eorro- 
Bion heeotiiea ii very ecita plica ted proeess. If is so greatly and diversely intliieceed 
hy uiitnerxais factors, lioth external to I he lit ld of corrosion and internal to it. that i.i, 
directlv uflfecling the iiicta! or the eleelrolvte. The etTect of a single factor, aeting 
alone, nuiy not he diflicalt to deterniiiu', hat when several of tlle.se factors are acting 
ill eonjiiaction. as Ls almost invariahly the case, it is a verv diirereiit matter to forin 
an estiinate of their licit etiect. 

The corrosion even of pure iron in june water and ]>urc air is. under practieal 
tsiIiditMUls, a suHiciently complex prolileai, lint the fechnical prohleoi i,s rendered 
iliGuituly more so liy the fact tliat pure iron, air, and water are never eiiconntererf, 
uiid the impurities present in any of tliein im‘ resgionsible for farther variations in 
hehnviunr during the pria esses of corTosioa. 

The miuiv factors ivhieh iiitliieiice llie rates of corrosion may he (ias.sifitsl in two 
ways: 

1. (it) Stimulative factors. 

(6) Inhihitivu factors. 

2. (n) Fnctoni which determine the concentration of oxygen in tile liquid 
mcdiuin and its nuiintimiiiice. 

(h) Factorii characterising the eoiujiositiou of tlie electrolyte. 

(e) Factors inherent in the metal itself and resulting from manufacture 
or antiaoquenb trealtneiit and sphere of serviixi. 

Classitiixition 1 is, of couTae, a very general one, and the second alternative ia 
perhaps the butter fur the pniposo of a systematic consideration of these variables. 

44 
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The discuMion of groups (a), (6), nnd (c) in cUssificatjon 2 will thweforo fMui the 
subject matter for tins njid the two suemsiing clwjiterN, th«u)!!i it shouW be reraem- 
beied that a certain apiount of overlapiping between tliosc gnnipfi is scarcely avoidable, 
and such factors iia tein pern tun’, etc., will be. dealt with iit ]miRt» when’ (heir inclusion 
appears to be most convenient. 

(tioiip (a) may be well ititrixliiced by an outline of tJie elTc’cta of air and water 
on iron. By air is hen’ implied the iiornuil atiiiosplieri’, iinpolluteii hy industtia! 
gases, and for the prewuit water lutisl hi' repardeii as naiurall)’ ]iun‘, tliat is, fruu from 
pollution itiiil from the pre.^'jice of elei iroiyles. .Air an<l Water are both ossuiitia! 
to corrosion : ni’illier, in lluiiil)s<aiee of tlie otluT. liila unyiicljon on inin niider nunnill 
condition.s. (Kiilation of the iiieta) in dry air can, of course, lie hrouglit about by 
suitably iiU'rea.sing the teinjierjiturt', but the iirocess is not one of eorroaion. It 
results simply in tlii’ pniiliii'lion of a'linifornilv distribuli'il skin of magnetic oxidu 
of iron, wbieli, nnlike tlie jiroiba Is of < iirrosioii, <!<ies not aiaelerjila Niihsnijuent 
oxiiiation, but retarrls it iiy jjn vc ntiiig ils ]«‘iietratioii beyond a I bin su|«rficial 
biycr. Till’ colours inijiartial to the mi lal siirlaei’ l)V this ovule skin arc well known 
and niav range from [uib’ yellow to bhu’k, aieonling to (be teinperatiiri’ ainployeii. 
The griidually dee|s‘tiijig eolonrs corre.spiJtiil to iiiertsising ibieknivsstM of the cmtliig, 
and altboiigli this is jiriniiirilv ii riinetion of the li'injH'nitnre. the iliiratiiai of the 
period of evjiosiiri' ti> ilia hi'it has also an apprerialile elhicl.. 

The action of pure water alone on iron lia.s alreadv been shown to have been the 
subject of iiini h re.>s’arrli am! coni iin ersv. l''or all prai tieiii purposeH. however, 
it inav la* looked upon as nil. fur even lliongli tlie melai be soluble in it to a alight 
extent, tlie water would soon lii roiiie safiirateil v itli lerroiis ions, and. in tbeabnance 
of iiir or o.wgeii. llie .stale of ispiiljliriiini tliu.s reai’hed woiihl not be ilisMtrbed nnd 
further soliilion of tlie metal I'oitld not lliendore take piaee. 

The .'■iiine argument holds eiiually gisid in the ea.se of natural water eonliiining 
dissilved atnuispherie gases. Tlie oxygi'ii present can only combine with a limited 
rpninlity of iron, anil oin i* it lias rione this tlie above state of etpiiliiiriiini will obtain 
and check corr(i,siriji. It is dear, llieo forc. tliaf , for corrosion to ))ron’is!. a continiinl 
RUppIv of o.wgeji i.s nei i’ssiry, and it follows also tlial the rate at whidl the gas Cati 
replace that uhidi lias alrearlv eiiterid into dauiiical coinbinatlon with the iron 
will detiTiniiM’ the rate at which the niclal corrulrs. 

In short, o.xvgeii may he regarded as the prime factor iti csirmsion. 

The ga.s is also eipiully es.ss'iitia! in cases when’ iron isirriwlcR in slightly add fllec- 
trolyli’.s, (Tider these conditions, the inetal giss into sohilinn or a ferroua salt nnd 
the aciditv will sisin be ni’tilralisist. The ai-tion nf o.vygeji is to decotniaiw! these 
ferrous snlta, therebv precipitating ferric hvdni.xide nr mat and liberating the ncid, 
whii It can now proceed to attack tiiore iron. 

The results of the combined action of air and wafer on iron arc coinimn) knowledge, 
and the mechanism of llti.s ndiott lias alrearly la-en <lincii»«ed. The [arint which 
requirea cnipliatiiR here i.s that the water must W in liiptid form and in contact with 
the metal (i.c., it mttst “ wet ” the metal) Ipcfore j’orroaion can proceed, or even be 
initiated. Moist air lia.s no action on iron, nnd the latter will rcinain uutantuihed 
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uh] laraffected for an indefinite period in such an atmoephere. provided the metal 
is consfantlj' maintained at a temperature just above the dew*point. Once it falls 
below this point water will begin to condense in liquid form upon the iron, and corro¬ 
sion will commence and proceed. 

The same remarks may be extended to include an atmosphere of steam. At high 
temperatures the effect of steam on iron is comparable with that of dry air under 
similar thernwl conditions. A skin of magnetic oxide is formed on the metal by the 
decomposition of the steani, during which free hydrogen is also produced. But 
neither is this process one of corrosion as we defined the term in Chapter I. Contact 
with steam results in corrosion only when the steam is W(!t and the “-wotnesa ” cornea 
into direct contact with the metal. In turbines ofierating on superheated steam, for 
instance, the blades of tiie high-pressure stages do not suffer from corrosion, but become 
covered with an adherent coating of magnetic oxide, produced by the action of the 
dry superlieatod steam, and which, incidentjilly, j)rotccts them from corrosion during 
shut-down periods, tkirrosion of the blades commences at the point where the steam 
has lust its superheat and is becoming wet. Similarly, the corrosion of steel super¬ 
heater tubes is generally confined to the inlet or “ wet ” end, and docs not extend 
along the tiil)cs beyond the ja)int at which tlio steam becomes dry, 

Tlio action of dry steam u])on iron and steel is of special interest in that it |)rovidea 
a method of applying protection from corrosuin, and a few further remarks in reference 
to it nuiy bo ronvciiiently includcol at this ix)iut. 

The rwictioa is a reversible one and is usually expressed symbolically as follows :— 

(24) HFo-i. -lH/)c.rFeA + 4ir, 

In a closed aystem, that is one in which there i.s not a continuous current of steam 
to sweep away the hydrt)gL'ii prtiduissl, a c{)n<lition of equilibrium is reached l)etween 
the iron and the steam and tlie jirodueta of their reartion, namely, magnetic or fercoeo- 
ferrie oxide and hydrogen. The quantity of hydrogen produced, as evidenced by 
ita partial pn'asuru, baa a delinite value for wich jiarticular temperature, and this 
value decreases witli incnviso in ilic latter variable. Tlic removal of the hydrogen 
results in the decoiii posit ion of iium‘ steam and thn production of more magnetic 
oxide, thus increasing the tliicknoss of the skin. If, on thn other hand, the partial 
pieSKiiic of the gas is artificially increas(sl by itijecting more of it into tlie system, 
the reaction (21) jirocmsls towanls tiui left until equilibrium is restored, that is, 
aoiue magnetic oxide is reduced by tlie e.xcesa of hj’drogun yielding steam and metailio 
iron. 

Friend nltcm]>tod to determine the minimum temperature at which steam begins 
to attack iron, or rather at which iron begins to decompose steam, and as a result 
of his investigations, found that at 350° 0. the action is such as to produce a visible 
affect after one hour’s exposure. lie concludes, therefore, that the action must 
oonuiience at temperatures below this but that it is not possible to fix a minimum 
limit to the temperature, since the action would then be so slow that a long period 
would be required before its rosulta became virible. 

Tn continue now with the combined action of air and water, it is necessary to 
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•ramine those focton by which tiie rate of U>e supply of the prime factor, osygMt, 
to tile vicinity of the oorrodiug metal is governed, for, as pointed out above, althoo^ 
the solution of iron ig water may commence independently of oxygw, the coo- 
tinnation of the process and its rapidity is entirely de|ieodent ufran a oontinuons 
and adequate supply of this gas. 

Most of us will doubtlees hive observed tbit, in the case of iron rsilinja, rapid 
corrosion occurs at the point where they enter the ground. They miy frequently 
be found to be corroded completely through nt this paint, wliereis nbove it their 
condition is as good ns new, whilst the portions below the ground surfaoa miy ^so 
be in a reasonable .state of preservation. Tliis ciuiituonly occurring example illus- 
tratea very forcibly the way in which the rate of enrrasion is nccelomted by a ready 
access of oxygen to its seat. The bottoms of the rails, about wliich moisture drains 
and collects, obtain a tnaximnni suppi/of WMter jilus oxygen; their Upper portions 
soon shed any rain, etc , and tc.sidu il inuishitre is quickiv evapirated, with the result 
that they arc attacked only in n compiritivciy slight degree. Tho uikIh of the rails 
embedded in the groiinil, nlthoiigh peril ips contitmilly in contact with ranisture, 
also suffer leas from corrosion, becaasu the supply oi oxygwi, necessary to tiis ranin- 
tenaneo of the rusting process, is determine;! by the speed nt which tho g is candilluso 
through the ground. Tills speed will, of course, v.iry considerably in difforuit 
locaUtics, but the supply of oxygon to the metal will clo irly be always more slowly 
maintained than is the case on and above the ground level. 

As a general rule, and unless the ground has some peculiar characteristic, such 
as acidity, the corrosion of embedded iron becomes less rapid the deeper it is buried. 
In certain cases, however, the soil itself may be corrosive, it may contain salts, such 
as magnesium suljilnte, which are known to lie corrosive, or a combiuitiun of salts 
which, thmigli they may be harmless individinlly, yet when occurring togethm 
impart an acid react ion to the soil. Carbimate of lime, for ox am pie, is a common 
constituent of soils, and alone would tend to hyilrolyse an<l confer a slight alkalinity 
on the soil. lu the presence of carbon dioxide (carboiiie acid) this tendency is sup¬ 
pressed, and the soil is likely to become sliglitly acid. The products in equilibrium 
in the soil are, expressed in ionic terms ; ~ 


(do) 


(a) (■a”‘<;()a' K 

(h) ilTl'-t'lV-K 


If calcium sulphate is also present, a third pair of products must be taken into 
account;— 

(26) (c) Ctt”-SO/.-.= K 


The calcium content of the solution is increised by the presence of the calcium 
sulphate and the CO/ content proportionately reduced. The equilibrium expressed 
in {b) is disturbed in consequence, and in order that the constant K may be satisfied, 
when CO,' is reduced tho H'H* must increase by a proportionate amount. The result 
therefore of the combined presence of sulphate and carbonate of lime is to mcrease 
the acidity of the sml. 
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Tlie ftipiificancc of n number of faetors may be readily ajiprccifttod by considering 
their influenres ns nffwting the supply of tixygen to the .seat of corrosion. 

In the case of iron iininersed in a continuous stn;!>in of rain water, for iastance, 
in the upptT naiches of rivets, we should anticipate most rajiid corrosion. Rain 
water is generally iilriiest saturated with atiiitrspheric (ixygun, and the flow of the river 
mnintnins a eont.inuous contact between the mctul and the fully n.xygenatcd water, 
ideal conditietis for violent rnrrosioii. The strongly corrosive action of rain water, 
which is praeticiilly imri; a.s regards di.ssolved solids, is now generally recognised, 
and the absence of solubhi salts, ^sllilst very desirable from iimtiy points of view, 
U to some extent iXisponsible for (his. Their jiresenee would tend.to lower the solu¬ 
bility of oxvgen in the water, and (lie (jiiiindty of the active gas might also be further 
roductsl by its absorption or cnitiliinatioii with tla^ dissolved impurities, notably 
thos(‘ of n n tirgn tin: <‘lia me ter. • 

Waters which nrc e.xcejilionally frc;c friitii dissolved solids very often caiLse .serious 
corrosion when u.scd industrirdiv, a.s lor stiMiti-raising, et.i:,, and this is due entirely 
to the largi! c|iiaiitity of dissolved o.wgen which they coiitiiin. The cliniination of 
this (iksolvisl gas is a problem to wliicli coiisidcralile alfciifion has been ])aid during 
the ]KiHt few years, jind jis a result, the subject tif water-treutriieiit has exiraudcd to 
inchlde prix’esse.s having this object in vienv. 

In the majority of eases, thereloie, tin: i(ii;intity of o.xygen present in the. water 
is ft fnctor of pritunrv and ]iarninoiiri1: iin[mi't:uiee. 

The rale of Mow of the wafer over the currcxling surface has also a direct inlliieiiee 
on the rate of eoinisioii, lll(^re prom in need in (h‘e]i water.s than in shallow fines, 
eince in tho hitter (he titiiios]ilierir oxygen has a lass de]ith of Ihpiid throtigb which 
to diffuse, nnd eonsecjnently the rate of Ibnv of the. wafer is mit so vital in sueh eases. 
In ihmp wftts'rs, however, unless the flow be fairly rapid, tho xone. of dooxygeiintcd 
wnter which is jiixsbieed nbiiut. tlic metal bv its eorrosion will be replaced but slowly, 
partieularly the layer or film immediately in eimtaet with (lie nietai, w]iii,se removnl 
is reiutured simiewiiat more ditlieult by tho frielinn existing bet ween it and the metal 
surface. If tliis siirfaee is already covered with a layer of rust, then this film of water 
is still iimre tenaeioas. since it i.s entangled, .so to .spe:d>, in tile [loroiis structure of 
the corrosion priKliiels. Simihir cniisideralions iip]>Iy to the efirrosion of the interior 
Burtiiees of water pipes, the nimiunt of eorrosion lieitig largelv determined bv the rnte 
of flow, <ir t|iiantity of water jmssiiig through them. In ease.s of this kiml nimospheric 
oxygen Is, of eour.se. coinplelely excluded, ;vnd eorrusioti i.s dejK'ndeiit for its progress 
tipon the oxygen wliicli i.s couvevfxl in the water in solntioti. 

In the case of metal .standing in running water, then, the rate of its corrosion 
is tlelermitii'd by the x'olunie of wafer whieh pn.ssos over its surface, simply because 
tho rate of flow of the water ilefermines (he rate of the supply of o.xygen to the corrod¬ 
ing ntotal, and, otlu>r conditions licing the same, tho rate fif corrosion is ditocUy 
proporticitmI to this. Kxccptioual cases may be mot with in which the velocity of 
the water is very high, nnd under these conditions corrosion nisy be reUrtled or even 
Conipletely nrrestcsl, ns explnitied in Clin liter II., whara Friend’s Colloid theory of 
corrosion was dealt w ith. 
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TuibuJency and \-ioieat agitatiou of water hav« an eftwt cnu\pikt«llti with 
npid flow, since they b<>][) to ituiintnin n freah aa[)[iiy of water to tha iiiotal aurfhoa, 
and, in addition, willwlao tend to itinintaiii a Iiipli and couatant oxyf^ai content in 
the water W neiatioti. 

When iron niita in stagnant water otlier iuHucno'.a conic into play. If wo oon- 
eider the case of an iron roiumn or pillar wliii'li atonda in a laail nr lake, it ia clear 
that ifa corroaiou will he most aevere on the nir-walcr line, for at tliia ))oiut tlio supply 
of oxygen ia moat eaaily nuiintiiined and tlie cuiiuoitnilion of the goa will he higlinat. 
The glia Jiaa hut a thin surface llllil of water to penetrate in onler to reaeli the seat 
of corrosion. 1‘roceuiliiig dawnwatiia along the anhiiiergiaj portion of tlio pillar, thia 
peuetmtion or diflnsion ia noidcrcd increasingly more dillicnit and in roiiauquuuca, 
slower. A prupirrtionate falling oil in jhe rata of corrosion (a ciira, therefore. 

The depth of itiniiersion of n metal has, then, a iiiarkial efliwt on the rate of ita 
corrosion and, in additiuii. on the retarding action O'sidlant from tliu nlioi'u eousidetit- 
tinna. It olan a[a‘rati's in the latter direition hy nalui ing the iiituiiaity of light which 
roaches the corroding metal. It is well known that the vclcadl.y of many choiuical 
reactions is cousidcraMc inercaswl liv increasing the intensity of the light under 
which they are jirogressing, and, as lins hceii deni in i.st rated experinienpillv hy Friend 
and others, the rusting of iron forms no exeeption to this geiierii! nihs The furtlier 
we ] in a'eed below t he siirfn I e 11 f I ho wa 1 er t ho more fi s;hl 0 1 he I igii t hoeoi nos. ] norea*- 
ing I he depth of itiiiiiiT.sioii rosnits in a sliiittiTiJig olI of an iieeejeniling iuihienoc. 

Kxamples in which the condiiiiei) action of the factors .so far dealt with isojairativo 
may he foiiiiil In elosetl iron tanks, disip wells, and [lijKi linos through which the 
flow of water is slow or intermittent. In eai h cii.se iheiieecas of iitimisphario oxygen 
is rciiderisi more or leas iiii[m.ssil)le, iinil the water, and any air Hhicli limy exist 
alaivo its surface, are si Kin deprived of fiieir iixygeii, and this is not repliinxl until, 
in the case of |ilpo lines, I lie flow of water is ns oiiimeiKcil, or in tho caau of tanks 
nnd wells, the stagnant and deviliateii air is chaiigisl. 

Another feature w hich will ohvioii.sly alfert the nilc or alimiint of oxygen which 
can diffuse f)irough the water is the nreji of the e.X]aisiKl surface of the latter. The 
larger this area, the greati r the ipianlity of oxygen which ran [mas into solution 
in a given time to rejilai o that iisi d up in the jiriKicas of corrosion. In this connection 
the volume of w ntiT is of minor importa nee, hut the rr.strielion of its surface area 
is ei[uivalent to reducing the nilc of the aiijijily of the priiiiu factor. In fact, it is 
easy to conceive fliat if its exjihseij surfaro is reatrirtcil, the larger tlin vohimB ol 
the water the le.ss rapid will he tlie rale of corrosion, for if its surface arrai is small, 
the roncentratiun of oxvgen maintained in tliu water will also tend to he oi low itmg* 
nitude. Krienil has rlunionslraterl tiie in II non cc of aurfaec area in a situ pie manner 
by taking ii number of glass dislics of uniform circular msiions and placing in each 
a piece of jiurc iron foil nnd covi'ring the tiietal wiffi an cgual voluiiio of water in 
iMch case. (Jn the surface of the water he tlien floatod wax disi.w, tut to fit tho dishes. 
In the centre of each disc was cuts hole thu dianietor of width was varied in different 
discs. In this nay varying areas of water were exposed to tho atmosphere whilst 
ether conditions reniained unchanged. The relative rates of corrosion of the pieces 

4 
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of iion, as mdicated by observationg in loss of weight, ore reproduced in the following 
table and illustrate very effectively the marked influence which tite area of the exposed 
surface of the water may have on the rate of corrosion of metdl itnmeised in it. 


Area of expoBcd 
mirface of water. 

<»rij<inAl weight | 

of iron. | 

Iaikh in woight. 

Relative 
' corrosion. 

( 

66-8ncj.cm. 1 

1 

7-fll‘Jt) grin. 

1 

j 0'CI382 grm. 

100 

12-fi ,. „ 

7-91(X) „ 

1 wm „ ! 

58 

0-8 „ 

7'8‘)2R „ 

OdXlb^ „ 

14 


Thu effects of increase in teiiifM?rntiire tin tfie rate of eorrtisitm of pure iron in pure 
water are two-fold and opposed. In tfu; first plare, it exerts its cnstoniary effect by in- 
creBHingtherateofcormsion.orcfieiiiieiiluctiou. Attlie.sainetiiiie,ho we ver, the solu¬ 
bility of oxygen in water ileereii.ses wit(i ri.se in tenipemture, tind a reduction in the 
rate of CO rrosion is there liy I let' n H i oiiet 1. A11 he Ik i il i iig poi ti 1.11 1 e sol u 1 1 i I i t v of oxygen in 
water is nii, and at this tumjHiratiire corrosion eiinnot therefore jirticcod. It follows, 
then, that there must he some |sirtieiilar teiuperiiture at which the eimibined influences 
of hent and reiltietion in the ipuintity or (loiieitntration i>f o.xygen available will have 
A niaxhnum value, anil at wliieh eorro.sion will pnieeitd at a inixiimiin rote. Kxactly 
at wimt ttiiti])tmLtur« this oenirs does nut tipjieur to liave heeii finally settled, the 
figures tpioteil liy dilleront workers inviilviiig a range of nhoiit dO'^, I’.c., from (KJ to 
H0“C. 

In practical tinses, rise in temperatiire is directly res [k in si hie. for aeeeutnating 
the effects of other fnetor.s, aiul also for hringing iirl.o lU'tion factors which are normally 
inert or negligible. 'I’ll i is galvanic act ion, uo matter what eause.s iii.stitutc it, is 
considerably facilitated by an iiiereiise in teni[Hirnturt!, and in some ciuscs nmv even 
be initiated in tins way by uniMpial heating of the corroding metal, dilleretiees of 
potential being exhibited between tins liotter anil cooler portions. Wlicn eonimcreial 
iron or steel eornslos, there tieeiirs a .slmc o.xidation of the sulphur anrl phosjilinrus 
contents, prtidiieing acids which, of eoiirse. neeeh'rate coirosiim, Klevation of tem- 
pciature will sjieed up this production of uciiis and (if the same time enhance their 
solvent action on the metal. When exetiptionally higli ti>m])eMture» are employed, 
as, for oxnni])Ie, in boilers, decomposition or hydrolysis of the solid constituents 
of the feed-water may occur in which the acid radicles are liberated and may carry 
on the corrosion of the boiler plates and tubes inde}>endently of any atmospheric 
oxygen. 

The attack under these conditions is frequently very severe. The chlorides and 
nitrates of the alkaline-uarth metals are the principal offenders in this direction. 
The nitrates, being powerful oxidisors, may be regarded as supplying the oxygen 
necessary, whilst the chlorides, acting catalytically, result in oxygen being supplied 
by the water itself. 

The effect of variations in temperature on the conductivities of solid and liquid 
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oooducton, t.e., the metal aod the electrolyte, will doubtleee iw\'e also an apprsdabh 
influence on the rat^of conosion. 

Other (actors whith, acting indirectly by their influence on the rate of supply of 
oxygen and its quantity, will no doubt suggest themselves to the reader, but suffideat 
has been laid to illustrate how considerably these may a fleet the rotes of oocroaion 
under varying conditions. The physical treatment and ctmdition of the metal 
cannot be disregarded ns sources to which other acceleiwting and inhibiting facton 
owe their origin, but oxygen should bo looked upon iis the preduuiinatiog factor, 
which during the first stages of corrosion can obscure influences arising from tite 
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coiniswition and condition of the metal, and which is chiefly ruspoasible for deteri 
mining the subaisjucnt rule of csirrosion, b<ith directly and also indirectly by acting 
through the corrosion pisslucta. 

The production of ni.st is to most jwopic the result and chief characterisdo of 
ordinary cases of corrosion, but it is not always realised to be an aocelamtiitg factor, 
which may have a most pronounced influence on the rote of corrosion proceeding 
in its presence. 

The structure and compodtion of rust varies very considerobly according to the 
conditions prevalent during its (ormatiun. In most cases the flnai product is hydrated 
ferric oxide, the extent of hydration being again determined by the local conditions. 
The product immediately in contact with the metal is usually ferrous hydroxide, 
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aod may often he neon by (fetarhing the pieces or ilake.'t gf rust from corroding iron 
and BXutniiiing their under surfuces. Ferrous carbonate is also a*frcquent constituent, 
and, in addition, lertoso-fcrric oxido or magnetic oxide, produced by a partial reduc¬ 
tion of ferric oxide, is often present. The proportion of ferrous oxide in rust varies 
between very wide limits; in «ises where the sujiply of oxygen luis been inadequate 
nr alinoat ontimly withheld, the ))i!rceiit»igt' of ferrous oxide reaches a very high figure, 
whilst in others, in which oxygen has had uzirestricted access, its zmimint may be 
barely suilieient lor its detection, 

tine reason why corrosion is iiccehiratexl by the jireseticc of rust is to be found 
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in tlio fact that metallic oxides are electnz-iiegii five to their rc.speetive metals. Con¬ 
sequently when iron is in couUtct uitli its o.xidt^ iu an eleetrolytc the latter acts 
cathodically and speeds tip (he Bolution of tint iiK'lal, Farther, this oxide can also 
act as a dopokriser, and the jtresence of magnetic oxide m rii.st may be attributed 
to this action, which would proceed ns follows ; — 

(27) 3FejO;|(ru.st) -1- Ilj— 2Fi)./'lj(itmguctir oxide) 4 HjC 

The porous nature of the nist and the hict that it is hygroscopic lilso result in 
the absorption of atmospheric itxygcn and moisture on its .surface, and this adds 
furtlier to its activity ns an accelerating or stimulative factor. 

Tito physical condition of the nist formed plays an important (lart in the subse- 
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quen* progress oJ romisimi. Its (<inii«tion is mxm the iinwncw of wntar 

ftod iitiiiusplieric oxyfcti. but tiio romlilions umicr 'shicli tlio iiiotnl is nttAcbBit nw 
mpoiDiiblc for thn plijisini) cliiinictcristics ussuintsi In’ tJio |ir(siiirf». Utidor rertnin 
cimditiom. flu* rust iiinv bo liiiril oiul dry mid iiriiily iidiioroiit to tlio motiil; nt 
otlior tiiiios it liny Ih' wot mill sjuiiigv mid n' idily dot lolmblo. Tlio bit ter viirioty 
will tijiliiriilly bid 1100 moolomltsl ocirnwiiiii, wliilsi the fnniuT iiiiio liiivo n fondwicy 
tooponilo ill tlio n|)|iiisiti'liirooiiciii. tloil k torolim) rorrnsion. tlinugb cosos in which 
the ]irrsluols aotunllv uifcml jiniloi limi to iho iiiidorlyiiig iiiolid, whilst nut iiiooii- 
oeiviiblo, iiro ntrolo. il ovor. onocimitorisl. Tlio iiiiolor itio rust, tlu> nioro nsidily 
doivi it food to fijikt: or soiilo nlf and osjinso ;i frosli iiu'tid siirfuoo, oitlior wliollv or 
ill [wtolio.H of groator ur lossiT aroi. Tlio |>:iili.il roiiioviil in tins wav id a liunl ilrv 
rust, liroiighr alxmi by toiii|ioraturi' iluoliialicuis, iiiis h luioal stn ssos, mid giinoral 
altorliatiiiiis in iho Ini'a] oiiiidjliiais. ull oonsidorahK' aoooh^rato llio orirnisitiil of tbo 
o.V[«™-il iiioial. and if itio i>\|sisinI |ii|o)ii's aic iiidividiiallv of siiiall aioi, |iitfilig will 
oooiii'. t'orrosiou wliioli la'igiioilly iioiy liavo boon lunri' or loss uiiiforni oaii (liiis Iw 
alforod ill tyjii- riin’otlv tliriaigli (lio Ijcdiavioiir ul llu' priHbiils, wliioh is, in tiirii, 
dotiTiiiihod by ilioir pltvsioal iiiiidiliiiii. 

Till' traiisportalion ol rust pai'iii-los by nioi'iiio waior oiiii itmiso dooji |atting iiti 
otJior iron snrfai-os on to wliioli lluw an' 
swo{i( by itio oiirroiil. Tlioir aotioii in snob 
onsos is. of onitrso, |iriniarili' olorarolvtii'. 

If may bo of intorosi in ibis ooiinoi lion lo 
ooiisidor briotlv tlio iiiooliaiii.sni ivliorr bo lliis 
idiarai-lorisltr foiaii id ooitosIoij, kaiouii a.s 
pitting, IS proitnooil, anil alsoof i}|i> foianatlMii 
of rust I'oiios, itn,i oxptaiialion of whoso prro 
ilijolioii IS olosoK' alliod to that uf pilling. 

If wo ooii.sitjiT I ho oorrosion of a bar of iron n hiili is qnito nnilomi, hotii I'hniniuilly 
mid phvsioally oxoo.jit for a sninil spot. ,t (lig. "), wliioh «o will iiNsiiino to liii olcctro- 
pasifivo to tlio Isir as a wholo, and wlioso priwiKo iiiay bo duo lo sonii) pisailiiirity of 
atriii’tiiro. otin, ihon. as oorrosion jins'i.asls, tho inaiorial at A will ho [iroforuntiiiUy 
dissolvod, sifo'o il has ii tiigtior jiotoiilial than tho rosL of fJio inofill. Tlio dnpth of 
tlio jiit tlim procliioorl will do|siiid npnii tho dopth of nr oxloni of thn olw’tni-]KiHitivo 
jsirtioii, .1, and tho jutting will ooiiso to poiioirato lurthor wlion llio tiniforiii inolal 
is rortohod. d'ho .saiijo jimoo.ss gnos on if A is riqilaood tiy a partiolo of sonitj oloctro- 
iiogativo liiKiy, for instaiioo, a fraginonl of rust or oolio, olo. A giilviliiic couple will 
besot lip liolwton this mid liio n iota I in tho tiniiioiiinto vicinity of tho isiiiit of contact, 
and a pit will !jo foTinod as a rosnlt of Iho solution of tlio iJoctro-jiosilivo iron, hlniali 
particles of coko and other oloctni-iiogativo lushes Jiavo liiain iiclil to tie responsible 
for the extensive jutting whioli soniotinics ixicufs on bnnw condenser tubes, and the 
actions in each rase are coin jiarabio, 

Keferring again lo fig. 7, tlic ferrous ions nsmlting from the solution at A will 
exist ns colloida! ferrous hydroxide and, as iswitivu colloides, will migrate to the 
negative pole of the galvanic circuit, uatnely, the circle of metal aumnindjng A. 
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Here they will be precipitated as lerric hydroxide by the oxygea dissolved in the 
water and, as conosion proceeds, a waU of this material wiU bh built up around the 
electro-positive area. This wall may continue to grow inwards unril a dome or 
cone is formed, or, if the depth of water over the surface of the metal is very digbt, 
the walls may be roofed in prematurely by a skin consisting of co^oidal ferric hydroxide 
as soon ns they reach the surface. It must be borne in mind that fig. 7 is very much 
cxflggcratod, and that in practice the cones are formed almost before they are suffi¬ 
ciently lar^jT) for their Bharactoristic appearance to be recognised. Their growth 
takes place from the iiwide. Skins of precipitated colloidal ferrous hydroxide may 
frequently be observed im the still surfaces of water in which iAn is corroding under 
particularly uniform and imdiKtiirbed conditions. 

Another process of cone formation may occur as foliow.s:—if we reverse the condi¬ 
tions in fig. 7, (hat is, nasuine tlm pitch /I to be’ electro-negative, then ferric hydroxide 
will bo iirecipitated and ])ih'(l iqi on the surface of A as the electro-positive metal 
surrounding it corrodes. 

The initiation of corrosion on a jiojished inm surface j.s much more difficult than 
it is on on uiiiiolisltod surface of tlie same material, but once corrosion Lee commenced 
it proceeds at a rate out. of all jiroportion to its speed of initiation. The presence 
of rust may bo reasonably held to be responsible for this, and although it may be 
argued that, ns tlio highly ]io!ished surface becomes rcaiglieneil by the attack the 
subsequent corrosion is aceelemtcd or stiimilntcd by till' pirosity of the metal which 
tJie origintd polish more or less cflivtivc^Iy masked, yet very little practical observation 
is rcijiiired to inijircsa the fact that once iron or stocl begins to corrode under con¬ 
ditions which permit the ])roduc1s of its corrosion to rem.ain in contact with It, the 
process becomes one of extreme jn|iidity, and, further, no matter what stejw are 
taken to arrest, tlie corrosion, tiicae will meet with but indilTercnt surces.s so long ns 
nny rust remains in contaet with the metal. 

It was statisl earlier in the chapter that iron could be preserved indefinitely in 
a dnnip ntmosphere without corrosion (XTurring, provided its temperature was niain- 
teiued eniistaally alsive tlie dew jioiiif. If tho jirodiict.s of corrosion nre already 
present on its siirfiiee, however, this stntemetit must be modified. Host is iiygro- 
seojiic, and cati tlu-refore absorb iilitiosplieric moisture and in this way assist the 
pruees-s of eorresio ti u rider 11 1 eae cotid i t ions, 

O.xygen, tlnai, must be considered, not only ns im essential factor to corrosion, 
but also as tho one which is jirima rily responsible for the progress and ni fe of corrosion. 
Only ill excejitiiuiid cases do otbor factors ns.sume or attain niore than a .secondary im- 
portaure, but of these, the ones which have n direct influence on the supply of oxygen 
take prcceeienee, and rust may be regarded as being well towards the top of this list. 

Tho atmosphere normally contains carbon dioxide to the extent of from 3'9 to 
3‘0^ cubic centimetres ]>er lO.OCti of^air. The gas is very soluble in water and forms 
in solution the weak acid, carbonic acid. This was originally looked upon as the chief 
cause of corrosion, and nit hough such conceptions have been greatly modified, it 
still retains its reputation ns a very active factor whose accef era ling influence is 
readily dotectable if itsjquantitv slightly exceeds tho normal, ('oncerning the effects 
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of other atmospliem eonstituenta, Bach u occur in the air of towu and induattfal 
centrcB, little need (|e aaid beyond indicatiog their oompueitioa and the extent to 
which they occur, since their effect on rorroaion may raidily be anUupeted fnra their 
natare. Chief amongst them are Uio compounds of sulphur, the dioxide, the trioxide 
(aolphuric acid), and the sulphide. Each of these confer acidity on rain watoc, 
etc., and thus add their quota of stimulative indiieucc. The amount of these sulphur 
compounds, estimated as sulpliuiic anhydride, normaIly present in the air of 
large towns is about I’S to tJ-O cubic centimetres per cubic iiielrt', though those 
figures may be cnnsidcnibly exceeded in certain liwalities in wliicli tho conditions 
are abnomml. It ha.s also bnui nwordixl tluit cuuuiion salt, t.a tlie extent of about 
361b. jicr ncrc, u aniiunlly cJtrried down to tliersirtli by rain, and other salts, such as 
ammonium nitrate, .siil])hnte, and c'lilnride, iiiny often lie delected in rain water. 
Verydiliitc salt solutions haven prxinqunced si mudative action on corrosion procussea, 
and the presence of tliost; salts must niit tlicrcfore Ijc overharked as (xinlributory, 
if minor, corrosivi' inilueuces, 

Thr Kjfirt of <iih oh ('onvwioa. The iiillneiice of <pil.s on the comwion of iron 
may be conveniently included in this cha[itcr, siiii'e their action, wliicIi is nunitally 
a protective one, is due to tlie ex(iusi<iti of one or lioib of the two essential factors 
to conusioi), water and oxygen, lailiricatiiig oil, for example, prer'euta the nocosa 
of moisture to the a petal surfais', and even I hough oxygen can diffuse through the 
oil. as it dcs's fbroiiph water, corrosion will be previmtwJ. The so-cnllBd "drying- 
oils," used in the manufacture of juiitit, ad in ji siiiiihtr mimncr. They absorb and 
combinu w'itli oxygen to jrnsliii-e a toiigli, liry .skin wliicli is an excelltmt watec-sheddot 
ami limy also la- a reasoiuibly'i-lbeieul oxygen excluder. 

The direct action of all pure oils on iron may lai regarded ns niV, they have no 
solvent action on the metal, or at the iiuMt this action is so slight as to be 
of no [iracticnl .sign ill; a nee, t'erlain kinds of oils and greases, liowever, ar<! so con- 
stitutisl that they dexcloji, under favoumbic <<inditions, charade rial ha which vnabla 
them to attack iron directly. 'Diese are tlic animal and vegetabla oils, which con¬ 
sist of glyccriile.s of fatly iicid.s, tliat is, cam]s)iinds of glycerine with organic acids. 
They are easily hydrolysed, gii’ing the free acid.s iin<l givecriiie. Tlie conditions 
which effect this dccoiri[s»iition vary according to the oil in liueafion, iu many cosea 
the normal ainiasplu-rir intiueiices will auffici* to turn an oil rancid or acid in tho counw 
of a few days, or ox'en of a few liiaira. .Maiature ami warmth are ivirtii iilarly favour¬ 
able, and oila wliicli are ordinarily atoljlu arc often quickly hydrolyaed when boiled 
with water under ptessiire, a.s in u boiler, for example. 

The free organic acids, jirorliicisi us describixl above from aniiiuil and vegutabls 
oils, cun attack iron in a similar iiiunncr to carbonic add, tfac action being cycUo 
and regenerative. Ferrous salts are first prmiuced, and are then decomposed by 
oxygen, yielding ferric hydroxide and tin; original quantity of o^nnic add. A 
small quantity of such an oil or greaHu in a boiler rnay load to very sorious corrosion, 
and the use of this class of oil ia therefore not to be recoin mended in casea whore it 
may gain access to the boilers, or where the conditions arc conducive to hydrolyds, 
for instance, contact with hot or alkaline waters. 
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HydrowKbon or mintral oils, which consist simply of hydrogen and carbon, are 
unaftected by water, and their use is preferable to that of fattyjsils, etc. They can, 
however, develop acidity, though by a different process from that which results in 
acidity in fatty oils. Prolonged exposure at an elevated tofhperature to tie air 
causes the foniifition of acid products (hnown in certain cases as sludge) due to 
oxidation, niid which are capable of attacking iron and copper. The degree or amount 
of acidity productid per unit quantity of oil varies greatly with different grades, 
but never icaclies the same proportions as obtain with fatty oils. Moreover, in 
jimctit^! tljc mineral oils nro generally iwerl up and replaced before they have time 
to (levelo/) nny ap;)reoiiiblo aridify, 

The iJwrrino'nntft use of fut/.y oiis and the o.vaniin/itiojj of lubricating oils for fatty 
adii/tr^rafion, in H'hich should also be included rosin nnd rosin-oil adultenition, 
should rm'ive eorcfiil nttention if attempts b^iuininiise the risks of corrosion are to 
bo coii-seientiotis. 
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THK INKIJ'KXCH OF TUF KLKlTKOLVTF ON THK 
('OHHOSION OF ||{0\ 


Ki.m'F till' I'rirrcisidij uf iniii is iliii' |>riiiijiriU' In liv livilm^cii imis. it iti'iv Ito 

aiiticijiritrrj l)ut ac id iiicctiii will leave':» [irrjiieteijece'd sliieiuljitive' eH'tieeii leti ('(erreisiem 
and, cedeveTsoly. tleat eelkaliiiee iiicdiei will inliileit eir arrest ceernesieeii. 'I’lie* inlliiniine 
of saline' tieevliee is lint see re'tidily jire'ilii ti'd. iliieiiaji ilei-v millet re'aseiiuililv lee-e>x|H>rt<!d 
fee ji(Te*Ie*r;ite’veerressieeri, if eaely let'evtiise' lltvir t'ri'se'ree'i' is e-eiiedeie'ivc te> ieniir ewtivity 
and tnay llms fae-ilitati' cIit trrdvlie- ai-tiien. Sails n'sitltitij’ fniiii tin' I'liiiiliiiintjem 
of a sfreiii;; .acid iviili a we ak lieesc leviireelvse' in s„|eeiiieii and |iiaediie’e' (le'fiiiilc eaiiie'en- 
tnitieeiis ref |ivd re eye'll ieeiis; ill eetlic’r Weirds, llir V vii'lri ein lee id seiliiliiiti, Siie'ti salts 
sjiollld, eif e-eilirsv, lee' leerekr'd ll|eren a,s ae'itis see leer as the'ir illlilte'lleae eelt e'lerreesiien ia 
c'liiici'rni'il. 

,\s a yi'ii>'reel rule' va' le eef thesee eilitii i[iatiiiijs is ve rilie'd in iirai-liiae; I'iewl.riilytas 
nliie'li yiv'' avid siilutiniis .stiiiiiilale' e rirreisieeii, and iliiw wliie li «ivei iilkalilH' solution* 
(i.f, |ireKlii('ie liyrtreiwl inns) iiiliiliit ceirriisirai, and niav, if tine l•^lmellllt.r.'^1.^ln of 
liyrlroxyl ieeiis leer Idyll e'meiif;li, eaitiri'ly |ire’ve'nt reerreisioii. Exiaeietiiins to tlinsis 
yi'iieTjilitie's ;erei niinie'rniis, linive ve'i, and nsiill in anieiiialie's ivlwisee eeeinsidfiration 
j,s<if |iartie iilar iiiijieertain v. sjiin; e ase's of |ira( tir'iel I'letreesioii are' fri'ijtiinit.lv inlliuinced 
tlivn'liv in an tuifxjs'e te'el iii iiitie'r. 

Tile' uvtieilt eef eei iel seeliUinlis nil irnel is iieveerialilv a snlveent nine. Kvteii line Jin>- 
durlifiii eif till: jia.ssivie slate> lev tennie'rsinn in streiny nilriee nciel may liet re‘,^ilrdud as n 
priifi'ss wliie le is initiiellv ntiee of seeliilinn, fnr if tlio jea.ssivitv sn indnceed is t.lio ntsiilt 
of the' fnrmeetinn of et ti'tjeireil.s film of nte'tiillie' ee.videe. it is e'niies'ivjelelee that lllO iron 
(‘Onicnt nf this film meist tirst li ivee yneie' into seelntieiti jirinr tee liev'ominy oxidised 
and n'de'jeeesiteed on the' jiarunt leeeet al. Tine lirst j i reel nee l.s rif ai'id alt-ii'lt arc; ei ferrous 
salt and yase'een.s hydreiye'n. In nicest e-asees, thee Iatte;r e;s(';l|ee'.s as ytis, licit if the acid 
he also an o.xieiisiiiJt aywit for instanc e', nitne- ece id thee leydrnyeeii iiiriy bet eixidised 
to form water as ejiiickly as it is e;vieli eeei. Meireeever, in siiceh ei case, llm liiinl jiriduct 
of the acid attac k is a ferric s ell, tho oxc ce.ss of acid cixidi.siiijf the; [iritti'irily ptodeicod 
ferrous salt. 

This oxidnttoii, in the case of iiiin-cixidisinti acids, kiic;Ii ns hydroc'liicmo iicid, i* 
dependent ti|S)n ntmcisplteric' oxyyeti, and tin; ti'Ltun! of the final jireduct is here 
determined by the cjeiatitity td acid prcesntit relative to tho amount erf metal. If 
tho acid is in ext'os.s, the; scilnbhe ferric chloride will rcsolt, hut if, oti tho other Imnd, 
the quantity of arid is small, them the aetinii of nxygeen will be t<i ))rcci[iilatu the ferrou* 

.‘•7 



58 THE CAUSES AND PREVENTION OF CORROSION 


chloride as rust, libemting, of course, the free acid, The two cases may be illustrated 
as follows;— « 


(28) 


(а) 4Fo + 8HC1 = 4FeCls + 4H, 

(б) 4FeC\ + 4HC1 + 0, = 4FeCl3 + 2H,0 


j^xcess of acid 


(2y) 


(8) 4Fo + 8HCl-4FeCl,+ 4H, 1 

(6) 4FeCl, -f O* + lOHjO = 4Fe(011)3 + 8HCFJ 


trace of acid 


It in jwfisihle that the oAidiition shown in equation 28 (i) may occur even when 
the amount of acid is smalf, but the ferric cliloride thu.s produced would, in this case, 
attack the iron and so become r«diice<l ngain to ferrous chlofidj, the reaction being 
essentially ns shown below : - 

(IIO) 2Fon; -i -Fe= aFoClj 

• 

Sulphuric acid produces in similar manner ferrous aulpliato. This salt is not 
so rearlily oxidised as the chloride, so that the solution of iron in dilute sulphorio 
acid is not so rapid a.s in hydrochlt)ric acid of tlie same ionic concentration. Ferrous 
anlphiitu is ins<)]ul)]e in concentrntert sidjiliitric acid, and under these conditions the 
metal becomes covc^reil witli a i)rotis^tive layer of its salt, wliich rctard.s its further 
solution. 

The action of jdinsphorie acid is, to some e.xteiit, comparable to that of strong 
sulphuric ncid, the products of its attack ar(^ insolaide rind, by clinging to the metal 
Burtnco,nffortiprotectionagninstf\irtherattiiek. Tiiorosistivity wliich a ])lios phorus 
content somotitnes a]i[)cnra to confer on iron mid steel is no doubt due in some measure 
to this fact. During corrosion tlic phospliorus may be o.xidised to phosphoric ncid, 
which, by its attack on the metal, produces tile protedive covering described above. 
Under suitable conditions a jihosplmtio coating can bo produced in such a hard, 
compact, and adherent form that it provides a iicrmanent protection to tlie metal 
against the generally occurring corrosive intlucnces. The commercial procefw known 
as “ Coslettising ” is a technical apjilication of this. 

The action of carbonic arad on iron is anaUigiius to that of h 3 'drochloric acid in 
dilute solution, the ferrous carlamab*, or it imn' be the bic.arboaatc, first jinxlucod, 
is precipitated as rust bv the atinosplicric ox^■gen. The cllei'ts of an exce.ss of car¬ 
bonic ncid, in the absence of oxygen, have idreadv been described in (.'hapter II. 
Carbonic ncid is seldom, if ever, aliseiit in practice, and although it is generally 
cotwiriered to lie u weak acid, its effect, even in the absence of other contributory 
corrosive inllueiicwi, is very eonsidenible, ami wheiu tlie supply of oxygen is not 
xeatricted, corrosion can proceed at a very rapid rate tlimugh the action of this 
ncid alone. The reason lies in the fact that the ferrous carbonafe is very easily 
decomposet! by oxygen, more readily than any of the other common ferrous aalta, 
and consequently tlie regeneration of the carbonic add ia quickly enaurett and the 
solution of the iron is able to proceerl at a steady rate. In the case of very dilute 
hydrochloric ncid, the latter will continue to dissolve the metal until it is almost 
expended, and, as its regeneration from the ferrous chloride is so much slower than is 
the case with ferroua cat bona te, a lower concentration of acid is msintained. 
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Nitric acid, m conoentrations other than thoae which induce paaiivitj, haa the 
usual atrong solvent atrion upon iron, coupled with its oxidiung propertiea. Chromio 
add is also an oxidise^ but its behaviour towards rorroaion proceases offers a striloog' 
contrast to that of other acids. It docs not stimulate corrosion, but iohibits the pro* 
cess, and the same property is exhibited by il.s salts, tbo chromates, and bichromates. 
This phenomenon is usually explained as the result of the passivifying action of obromio 
acid nnd its salts, and if the Oxide theory of I'nwivity is accepted, the expUnation is 
a reasomiblc one, especially if it be also nssuniud tiuit tlic oxide tiliii is insuluble in 
chromic acid. It is rather diflicult. liowavcr, to co-ordinate tliis iutorprotation 
with the fact that the concentrations of cliromic acid necessary U> pniliiliit w)rrosioa 
are extremely low. 

The very m/irked intii[tiling aclion tif chromic acid, oven in oxccodingly dilute 
solution, will lie referred to later in eonneetion with tlie intliierieu of ehronmtee and 
bichromates for which Friend has recently offend a fuller cxjdiiimtiiiii in lino with 
bis Colloid theory of corrnsion. 

Inm will not i-otTfide in alkaline meiiia unless the cojicentratinn <if alkali be very 
low. The itliltlelict^ of alkalies is inhiliilive, and eorrosion may be initir^^ly pruvuutud 
by suit.'ddc ctiluentratinns. tk'vcnd ex[iLinations have las-n advanced to at’cnniit for 
this, nmi each of tlicin presents a [lartial interpretation of the facts. According to 
the Acid llicory of corrosion, llai inhibilive action of alkaline hydroxidos is due 
to their nliKorpfion and conHCc]ueiit fixation of tlie at.inosplierie carbon dioxide. 
This is, of course, indis]>uta1ili’ and is no lioidit one of tlie fnetors wliii'h adds to tlie 
nett effect exhibited by the alkali. The KliTfra-cheniieal explauation i.s inora com- 
prelicnsive; it [ailnts out that hydrogen ions and )iy<lroxy1 ioiui cannot exist iu 
the same .soliilioii at the same lime if the latter ara in e.veess, nor eiin hyiiixigon Iona 
be formed in such a solution. Corrosion cannot llietx'fore priwced on inm immersed 
ill it. If tlie enticeiitration of liydro.vyl ions is not -sulhejently in excess, then jailential 
differences iiuiy segregate the liydrogen iims from tbe hydroxyl ions and corrosion 
can occur locally. Tills offers some explanation why very dilute solnlions of alkalies 
do not prevent corrosion nnd also u)iy the corrosion nhich occurs under sneh con¬ 
ditions frequently t.ake.s tlie, form of )iitliMg. 

Friend considers tlmt the precipitating action of the electro-nognlive hydroxyl 
ion on the entnlysing and electro-jsisitive ferric liydroxido sol {Chapter 11-1 offers 
the most satisfactory e.xphtnation. Tin precipitation of a positive colloid requires 
a definite miniitiuni concentration of an ehs.-1ro-negative inn. Hence, until tha con- 
centnition of the alkali is stiHichrit to give this mmimiim, no precipitation of tlie aoi 
occurs anrl corrosion pris-is-ds. For this reuson very dilub' alkaline solutions<!o not 
prevent corrnsion, lint have actually a stimulative action. The mininiiiin eoncentfa- 
riouB, beyond which corrosion is prohibited, are low, being I-ft gramme per litrn in 
the case of .sodium carlmnate. and O-l to frtf jkt cent, in tlie case of [xitassium 
hydroxide (Friend, T/w Common of Iron nnd -S'bri), 

Friend has also been able to put forward, on the above lines, a satisfactory explana- 
tion of the influence of salts on corrosion, a matter which hitlierto Lad been but 
incompiptely understocsl. Excluding achlic and basic salts, which should really 



CO THE CAUSES AND PREVENTION OF CORROSION 


be incliMloci witJi acids and alkalies respectively, sines in solution they hydrolyse 
smi produce acid and alkaline media, the action of salts is ellicfly dependent upon 
liinir eoacentmthii. If this is sufficiently high, then cornisi^n may be retarded or 
even twnpIeteJy arpcstiel, o'lilist hav roncinitrations almost invariably cause an 

iniTease in the nite of corrosion. If 
fchiti^’e corrosion lie jilotted against 
the concuntratioii ol the salt, a curve 
is obtaiui'il which is u.siially of the type 
shown in lig. H, Thu point A on the 
orilinate rrpre.sentH tlie rate of corrosion 
in jinre water. 

As tlie eoiieeiilration of the s;i!t is 
ha reascil froiii aero op to the point 0, 
the rate of corrosion iri< reases also and 
rcFulie.s a ma,\imiiin at this point. 
Further iiii rease, in the concentration 
of the salt then eomnienees to bring 
about a nsluetion in the rate of eewrosion. ami complete |irohiliition results when 
the concetifralioM reaches that represented hv the point I., This value is known a.s 
tile “ Jiiniitiiig ” concentration, and t.liat whii'h coincidiv! with the nia.'Liniiirn rate of 
corrosion is known a.s lliu “ t'litieal ” concentration. In souicf ca.scs the point L lies 
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lievond the jaiiut of saturntion of the .salt, and it then hecoiiiea n hyiaifhctical valtio 
tuid thu complete jirevcnlion of corrosion is never elTectcd by those .salt.s to which 
this applies. 

This behiivionr of ncutnil salts ha.s huen recognisi’d for some time, aixl their 
inliibitiug iuHiicnee was assiimcsl to be due to the decreasing solubility of o.vygon 
which occurs in saline solutions as the concentmlion of the salt increases. The pro- 
Umiiuiry inoreaso in the rate of corrosion was not understooti, and no satisfactory 
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explatuifiim hh.s iirjvntiml to nccouiit {or it. It liioi Ikwd .‘‘hon'ii. honovor, thnt tli6 
redui^ion in tlie nifotrf romwiim is not |)rci|iortioiuil to the Mini'll on in tin) solubility 
o( oiyjtcii in till' sjilt solution, bciii);. in bn t. nnn li mom rnjiiii. TIiUs tlio nto of 
cotMsion in«y Im' riHiiinsI to a vnlnt' a In lost n]i|iro.'i<'liin)t nil In' a an It (Mncentralian 
vhirh ri'ilm'ps the oxygi'ii solnliility by only 411 to fitl jier (■rnt, of ilia I in pum wntor. 
Fig. !), tvltii'li is ri']irixin('iHi from ?’/»’ ('iirro.«(iiii i/ Iron tiiiil Sltvl, liv .1, N. Kriend, 
illustmtP.s tills in the oaso of |xitassiuin siilpliafo. 

The vnlni'S of fhe lioiitin}; I'niu’i'ntnilioiis of salt.s havi: Iwon shown to liwrwiBO 
with iuerease in the valoiii'y of tluir i liatro iK'gativi' ions, so that Hln reas ('ora|wm- 
tivi'ly high I'oni'iai(rations of iiuaaivali'iit ions arc ijoi'i'ssarv 1o pmviaif. I'lirmsiiin, 
relittivcly low coin'witwtions o{ ilivalonl ions siillh'e. 

The oxphiiiatiiai ailvani'isl by Krieiiii (77«' (Wonwa nf /ntii, Carnogie Sdioinr- 
ship Memoirs, Vol. .\J., 1!tL;;i)(oi)it('rpri*l lliesi' va rial ions in (he Imhai'iotjrof ditferenl 
snlta mill of (litlereitl niiici'iit rat ions of t lie s.ime salt i.s as follinis •. t hill I the rritioil 
coni'cntmtion i.s reai lnsl l orrosion is si iiinilateil in a inaiiner similar lo t hat, iilmaily 
ih'.siribisl ill coniiertioii with alkalii.s. When the com ent rat ion <'orres|Nindiiig to 
the jaiiiit f is exceeded, llie pmeipitating aclion of tin: electni-negaliva radieies of 
the sidt conie.s into play and a relard-itiiai of corrosion resiills which is iiicmaaed 
as (he concent rat ion of the sail approai lii's where iibsohile proliiliitioii oeciirs if, 
as already nienlioiied. the limiling conceii I ration is ImIow that of saturation. Tlio 
ditfereni'es e.xliibllisl hy carious sails wlnw prt‘ci|Mtaliiig ions ilitfer in valenejr 
an-.show II by I'rii'ial to be in ngrei'nieiit wirli I he figures given by binder and i’iebm, 
who invi'stigaled ihe leiatice precijiilalihg [savers of various negative ioii.saint found 
fhem to liavi' the following ratio : 

('hriileiifes iiiid Ibelironiatcs , fdlKI 
Siiltphates . , . . loll 

fhlortdes ami Nil rates . , it 

He [mints out that, hv e'aisideriiig the prolilem in this way, it is eiisily tiinlcfHtoisl 
whv voTv small foment nit ions of ehromates and hiehromab'S hiivi' snrli extrn-■ 
oriiiniiry iiihibitivo [powers and why llie coiiceiitndioiis of lominon sidt and other 

clilorides. etc., in.. to [instnep- an a|)|ireciahle retanlaiion of corrosion am rohi* 

tivelv so high. Willi regard to ehroniatp.s and hiehromales, this e.vpiaimtion seenii) 
to he iiiiicli more silbraetorv than the ota' whieh attrilaifp'.s" jiassivlfvirig " |ini[pitrtia> 
to sueh dilate anlntlon.s of ihesp, sails. 

Jt will lie rriiieiiiherisl that .lbs I of iticnsise in t<'ni[ip'ratnre on the mfo of 

corrosion in pare water is two-foid. The [ireseiiee of dissolvisl sidts mills, fiowover, 
n furl her coin [dieiit ion due lo lie (net that incnsise in (cinperiifiire ndiiees the vnliie 
of the eritiral eoncentrntion. and in this dh'efion, tlierefore, tends to nsluce the rate 
of corrosion. 

When two or more suits are [iri'si'iit at the same tinm the problem bocomeB stilt 
further involr isl. There may be, for instjince, one suit wltoHc concentration u below 
the critical point, and anotlier w'lioae aclion ia inhibitivo. Inter-reactliHi may take 
place between the salts and result in one case in tlic production of an acid eolution 
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and in another case in the production of an alkaline solution. For example, when 
potassium bichromate and common salt are present together,*a condition of equili¬ 
brium is established in which hydrochloric acid is produced 

(31) KjCr,0, -h 2NaC! + UjO = KjCrO, + NojCrO^ + 2Ha 

Two contending factors thus result, the etimulatmg acid and the inhibiting 
chromates, and since the removal of the acid by its attack on the iron would cause the 
reaction to proceed continuously towards the right, it would seem that such a com¬ 
bination of salts would have a nett stimulative effect. 

The influence of dissolved salts is perhaps of greatest infportance W’hen they 
occur in boiler-feed waters, etc., for under boiler conditions their action is not only 
detrimental to the boiler itself, but may extend and be equally detrimental to prac¬ 
tically every unit of the phuit. They will t^ierefore receive more apiicinlised treat¬ 
ment inter in this eonniiction. Their presence is not so vitally important in so far 
as structural and other material is eoneerned, since such is more readily protected 
by jiiiints and nietnllic coatings than is the ease with the metal used in the construc¬ 
tion of steam-mi sing and allied units. Frifuid, however, deals witli the action of 
single salts and of mixtiinw of wilts in a very eompletc manner in his book, The Cor- 
rositin <>} Iron and SUvl, and thiise who wish to follow this jiroblem further than is 
possible from the short account uhich constitutes this chnpter are n-ferred to this 
authority. Also a detiiileil representation of the Ctilloid theory of (.'orrosion ns applied 
to the efieels of dissolved SJilts may be; ctiti.siiltisl iu Thr Vorronion of Iron, Carnegie 
i^-luilarship Memoirs, Vol. XI., 1022, by tlie same author. 



CHAI'TKR VI 

THE INFLUENCE ON CORROSION OF FACTORS 
IMIEHEXT IN THE METAL 

It is Hot (iroiposwl to disi’iisK flici ftiwml n’lulivi- (sirnKiiLilitics of tJii‘ viirioiw ty]K)i 
of iron mid stcrl, 'i'lit; bidniv(oiir of »iiy oui' 1 y]i(' [in’si'iils ii vi ry widi' runjt* of 
variation uiifliTdiffi^rioit condiTioibi. nlid, iiiori'oi'i'r. oai'll lyi^‘ ro^irosi'iitni by ]itn- 
ducts which may he eiasscsl as " Iwd " or " iiidillerent" in i|iiulily. A com- 

jiarisoii between even the " {pji«r‘ re[ireseiilii1 ices of the iiiiiiieniil.s lyisw is very 
difficult to make, chiefly because of the liirj;e iiiiiiiUt of iiltertiatives availalile H|ion 
u'hicli to 1 iii.se u com|)i[risoti. To cniiiivire ilie relative corn sit hi lit iia. for instance, 
in |iure u liter, or other si am lard eject roly te. und iirider standardised eonditioiu 
of teinperature and acral ion, ele., and to tuhiiliite the results so olitaimsl, would be 
of little or no |iraeticiil value, siiiee the a|i;i]i(alioii of such a cliLssiliciilion would 
obviously Hot extend to any set of eiiuililioiis other than those uiidiT wliich the data 
for it.s coni|>ilalion was determined. 

It lias Is'en ri‘|s'atcdly obsiTvcsl that isiiiditiiiiis whieh favour ati entivtiielv 
rajiid (sirnwton of oim kind of material are [lartieularly well withstood by a siTiind 
variety of material, ami that If lliesi' eonditiolis are I hen atlerisi or modiJied, the 
metal Mliicli ]iri'vioMsly sulferist the lucin' severely may then prove siijierior in ita 
resistance to cornision to thi' one to which it wiis oii(tinally inferior. It is un|)ro- 
fitable. therefore, to attempt to real h a isinclusion ns to the jtc.neral rehitive cor- 
rodibilitie.s of ferrous matiTials. ami it is the jiri'seiit teiiiliuicy to attach iiH|xirtanc« 
nion; to the relative suitabilities of miiterialK under the ]uirticulur conditions to which 
thev will Is' exjHi.sisl wbil.st in service. In format ion of this charactiT is more readily 
oblaineil by the consumer and i.s of diris!l and immediate value, ff the results 
of reasonablv lartte scale iield tests, maile under actual service ooiiditions, are eon- 
suited, together with the tvconls of jiraeticul exiSTietiee, in the choice of material 
for a sjieciltc pur|ieee, it will generally be found that, wlien etii]i!oyed in their proper 
spheres, so to s]iealc, there is little to choose hetww'n the varieties of iron or steel as 
teganis their relative corrodibilities. 

Friend (('nnie 7 ie Moliirship Memoirs, \<>l. XL, 1922) surveys the work that has 
been carried out by varioua investigators on the relative corrodibilities of iron and 
steel, and those who wish for more detaihsi information on this phase of the eorrosion 
problem are referred to this work. In the rratuHietion* '/ The Faraday Society, 
Vol. XL, 1915, the same author again discuasea the question of relative corrodibilities 
in considerable detail, and illustrates very clearly the difficulties besetting any 

«3 
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XencniliNiitioii of tin; dtijfrtfH of corrodibility. He •concludes in the folio wing 
numiicr: 

“ Oiir fosk (licrcforf^ rcsolvci.s itself into ii wider problem, not so much 
iiH to whether iron is hctti'r tlinti steel or rin nrim, Init, rwtlier, whicli is the 
best enriety of iron or of steel for imy purticiiliir piirpo.se,” 

It will be reiiicinberetl tliul in Chapter IV., the third group of factors which 
itilliiemn the rate of eoirofiion was deliiied as '' Factors liilieieiit in tile Metal Itself.” 
These will now be coiisiilered. They may lie snmiiiarised in the following nmiiiier 

(/i) The presi'liee ol alloverl metals and the generally occurring coiLstituents 
of a nou-iiielallic charaeter such as carlsm and sulphur. 

(b) The jireseiici! of surface impurities or extraneous matter. 

(e) lieferogeiieity of stnictuif or segregation. 

(ff) I'hy.sical heterogeneity or localised strains. 

77tc ht/htrut'f o/* j'l/f7o//o‘ iitiii \oti-tiitittifir f'oss7ttmotts.- That vnritifioiLs in tlic 
comjaisilion of the metal liave appreciable iidlaenec on the rate at wliicli corrosion 
pnicceits has long been recognised, and a coiisideialile amount of caivfiil and 
aystcnuitic reseaivh has been comlneleii with a view to obtaining Ixitli i(Uali(ative 
and i|imii(ilativc, information in tlii.s direetion. Ciiforlunately, however, there 
has la'cn little or no to-oislination helween the imlividnal workers, with the r<‘sult 
that their idiscrvatioiis are often dillicnlt to correlate ami <’om|)iir(‘. .\ common 

basis ol coinpari.son hs lacking. With but coinjiaiativoly fesv exceptions, the in- 
formation regarding tbe efVeci on corrosion of the pie.setice of other metals and 
constituents is of a ipndilative iialme only, and to discuss this i|iic.stion in anv otlu-r 
way would not be justiliable nor possible. 

It will be couvenietit to consider til’s! tbe intlilenres of certain constiliieiUs which 
are always preseiil in iron or steel, iirespei tivc of the ]iarti< iilar type of material. 

CaWsay. The effect of earlsiH on llie rjite of conosion will be determined bv its 
rpiantity ami its condiiioii, pjirlicularly the latter, (jiibori may he jirescnt in iron 
in several forms. ,\s graphite, wliieb may occur as charily dclined Hakes of apjircci- 
ablo siw, or in a very lincly ilivided conilitioir. In tlicsc cases the earlxm is fwe or 
UiU’ombiiied, I'ombined, nr carbide carbon, oecui's a.s lasirliti’, troostite. martensite, 
etc., and also in a .soiiiewbat obscure form wliicb gives ri.se to the jirodiietion of 
hydrocarbons when tbe metal eontainilig it is treated with bydrochlorie acid. 

Kach variety Inis its cbaracteristic intliience on tin corriHlibilily of the metal, 
and a very wide lield of impiiry is thn.s presented and. to ivpeat a .statement wliieli 
unfortunately occurs so frecjnently in e<miiertion with cornwinn problems as to 
become inonotonous, the inforniatioii available is .scanty and, to a large extent, 
contradictnrv. It should be remembered, liowever. that the influence of carbon is 
considerably mmlified by the treatment aerorded to tbe laetal, e.y., heat-treat meat 
and teni[iering, etc, 

M’ith regard to steel, it would seem that tile corrodibility of annealed steel 
incteuacs with the carbon eontcTit up to about tl tlH per cent., and then decreases. 
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Id quenched and tetu))ered steels, however, no rariation in the cotrodihilitv has Iteen 
noticed up to 0’96 per cent, of carbon. 

Free carbon in the^jnn of (paphitie flakes may readily be ctmceiveij to accelerate 
oorroMon by ptovidiuft points of loner isiteiitiul than the metal, aitd thereby 
stiuiulatiDf! ({alvanic actbin. Tlieri‘ noiitit ap]s'ar to lie a ^nieral aeeefitaiH'e of 
the fact that" hardeninf!" carbon acts in the reverse direct ion uiid ndanls corrusioii 
(Parker, J. Iron nml Sitvl /wirf., IttMl. 1, ,Ht). .4Iso nliite cast iron n hiih nintains 
its carbon in a finely divided condition, uzni is elose-jirained, is iiuieh less suseejitilile 
to attack in acid ini-ili» than are those irons in nlneli the carls in oivnnt in the forin 
of WelUievelo)s-<) flaki's of gra]ilnle. 

'' (!ni))hitisulioit " is a form of corrosinii pecnliar to cast iron, and iis a result of 
which the iorroiiin)r nielal liccoines enicri'd with a layer of jtriipliite, wliieli |ireserves 
tile ap]icurance and s 1 iii|M‘ of tlie original metal. Tiie mass is soft enough to lie cut 
with a knife, uinl the metal, liring o.viilisisj to fernnis o.riilc, fills the iiitempaces 
of the iwidnal ni(is.H of grii|ililte. This t v|s‘ of eornislnn does nut iKTiir with the jinrer 
forms of iron, thmigh certain instances are reeiirdeil in w hich w nnight inni Inis Is'eii 
corroded in this inanner hi' ]iio[i>iieeiL ininiersiiiii in msi ivaler. It mill' he that in 
these east's the car hull content was much in cM'ess of the norma] jiiiinniil. 

ttraphitK' rsirtosion rrei|in'nt1i' iii-ciii's oil hui'iisi casl-trnJi pljs' lijics, siiJnetimes 
gi'oerallv mid sonietiiiies in hicaliscil tsiitiiins of the nietal, 'rhe gi'ii| hitisation 
[eaves the sha[ie of iht' |ii[S‘ nnahei't'd. wImti'iis it; .sti'el and wrought iron jiipes, in 
ivhieli the eortosiiiii nsnallv taki's the fnrni of jiittitig, the isirtodisl materiiil or 
)iniducts are geticrallc ciinied away. Cast-iron iToiinmiM r tuhes have also ism 
known to siitfer froio g]'a|]|iili<’ ('iirrusiiin. 

SHmiih. The |tresenis' o! this eleinent in Hinoiitits exci-editig iilsnit .'I'll per icnt. 
has a toarkiij eth-et in iia'rejisitie tiie resistii'ity of the iron nr siis'l eontiiining it, 

olid piodiKt.s having higli percent ages ol silti-oii have ... iiiaiketed ns non isir- 

iislihle tni'ials. Kxperiiiients iiiade hv .huive [</, hint oiiif .Steel /sst., JiaiN, ], Itttt) 
show.'il that iron isiiilaiiiing 20'(i p.'r cetit. o[ silieon In.st lint. IN 1(1 jier i ciil. ill W'eight 
when exjsisi'd In lint sniphnrii' arid for two Tunnths, whereas ii sjitiipje nf material 
conlaiiiiiig It'll jsr eeiit. of silicon hist ti ll per eeiil. in weight tinder siinilat 
CfMidiriotLs. t.'asl iron lost 'lit |s.r rent, in Two hours only, Tito ijdiiliitlve 
ilitiuoms. ol silifsin ihss not seeiii to heeiiiiii' agipteciahh' Until the ({iianlily present 
exeetsl.N 2''U to It'll per t'l'iit. aiid its oi'ciirienoc ill siiialh i iptiiiililii's may acliinlly 
incix'a.'tt' the tentlencv lowjirds eoifo^ion. T'lie normal silicon fsijilotit. of steels 
i.H not very liiglt. Iiowevor. and it J.iolstlily exerts lint little inliuettro so far iw I'ornisioti 
is conei'rned, but sneh in line nee is niort' likely to he disailvantageons tlian otherwise. 
High siliton cimlelUs impnrt tncreitsei! resist ivtiy mainly against iietii attack and not 
towarvis at nios]liter!r tsirrosion. wliieh may lot cuhants'd. The jirincipal Cnnstittlent 
of metal containing a large percentage ol silicon htmotnes an iirin-silicon conifiouiid, 

, and its mislance towards acids w ptohnlily attribnlahh' to this, Kiirtiicr, tlie 
preocucc of silicon in quaidiliist siillicii'ul to have any reasonable inhibitivc influence 
is Bccomiianied by the si'riotis disailv.intage that such anmunts rvmder the metal 
brittle and difficidf to work, and .so restricts its sphere of useful service, 

ft 
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- -Tlu'.ri! is little rotmi for doubt that sulphur has a.stimulating influence 
<m (OTmwion proc(^s.ses and that this influence is directly proportional to the amount 
of sulpinir pftsseiit. In good-tjuality steel, any sui])hur is cofitained as manganese 
s«li>hi(le, and ]>n)vi(ied that this conipoimd is evenly distributed throughout the 
maw Ilf the metal, its infltieticii becomes consirlerably tnodified. Inferior steels 
may he delieieiit in miiJiganese, and in these the excess stiljihtir is combined with 
iron as ferrous siilpliide. It is difliciilt cimipletely to avoid the segregation of these 
sulphides during the miitiHraeltue of the steel, and the heterogeneity so produced 
is an aid to galvatiie aetion, fiii' it is kiiowii that iiiangnni’se sulphide and iron sulphide 
show a dilTereJit potential to iron. Knither. onre corrosion has comineuced, the 
suh>Imr Ims'iiiik's oxidised to siilpliuile acid, wliii li, of course, greatly accelerates 
(lie siibseipieiil eoriosioii. In the roriuationof rust eoiies, this acid is freiiuently 
trappeii inside tlic cone of rerric hydrate, and it is tliiLs readitv understood why 
pitting proceeils so lafiidly in many instances. In lad, the eoiiosion oeeuiTing on 
iiiuteriuls in wtiieli the sulphides ais' .segri'guti‘il freiplentiy takes (he form of pitting, 
and this will miturally Is- most iiroiamiieed under a stagnant condition of the electro¬ 
lyte. In sucli cases, the acid cojicentratiou may increase cimsiderably owing to 
the ryi-lienr l■l‘gelle)alive niilme of the proivss : 

po •,il'V i l>ILSO, tihVSO,.} '^ilL. 

(/)) li KeSO, [ 511J) 4 f) 211 >()., -f 2 l''e{ () 11)., 

Keliims sulphide is very niidily oxidised to ferric hydroxide and suljiliiirie acid. 
If u piece he liowdcred and ))lai'eil in a beaker and covered with distilled water, 
the presence of soluhle sulphate may lie deteeted in llie eout'si' of a few hours. 

In the riuse of siilpliui. then, the iiiducnee on corrosion is Iwo-fiild, imi imi.st 
stgiiiiieaiice attaches In the fact that one of the produets of (he eorrosioti is itself 
a jiarticularly active iniliatcn and aceeli’rator nf eorrosion. 

/’Aavpf/oiiM. The phosphorus eimlent of steel alleets llie mi'chanieal properties 
to so great an extiuit that the permissible or speetfied amount is low. Its elfeet, 
on corrosion would apjasir to be ixuielicial rather tlian otherwise, and the greater 
|iiTceiitage of phosphorus present In common iron has Isaui eon.sideioil to be no 
sponsible for the somewhat increased resistivity of this elaas of material compared 
with the more retiued grades of iion and steel, fiike snljiliur, phosphorus is oxidised 
to an acid during corrosion, but in this case the products re.sulting from the action 
of the acid on the metui arc insoluble, and niav. under suitaiile conditions, adhere 
to the surface of the latter ns a slime wliieh affords some measure of jiMtectioii 
ogikiiist further attack. 

Uneipial distrihiition of phixsphidc.s in the metal will, of course, accelerate 
galvaiiie action, and pfukspliortis tnay in this way bi' resiainsilile for uccvlerating 
the rate of curnwion. It is obvious, bowever, that the segregation of any constituent 
will confer uiam it stimulative pro}ierties and thereby mask its individual influence. 
The cose of manganese is particularly illustrative of this. 

.Urtngwacse, This element has a bad reputation with regard to its influence 
on conusion, but it is now generaily conceded that the evils attributed to manganese 
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wv due (o the eltmunt with wliieli it is usswiultsi ia tlic stw). untl ii«it to the mail' 
(^cse itself, whose intliUTiee is uejiliifilih'. MiiiigHliese is iiddeil to the melt to 
remove siilgiliur, anJ must of it juisk^.s stviiy ill llie shijr ns iiiiiiijtHm'se sulphide. 
It is the |H)rtioi] of this ciiiiiiMiind reiiiuiiiiiie in the met ill vvliieh is n's|H>lisiliIe for 
the inereased siLscepiiWlity to ntrnision. Ihiririu the nioliiiK of the metul the 
sulphide .se/repittes. prodneinK it hrteroceiieoiis slriicnire whieh, in the |iresetire 
of an eleetrolyte. results lu the estiihiishinty of {siiiits of ilitTereiit |silenti]il. .\s 
eorntsioii pnieeeds. the iiiiiupiiiiese sulpliide is o.stiiiseil to uiiiuipiuous or uiiiti)!aitio 
hvdnt.xidv iiiid stil])liurie iii id. iiiiil lienee the reiiuirks uiiide ill eiiiiiieetoin with the 
inlliieiK-e ol sulphur me ei(Uiillv iipplinihte here. 

Sti'els eoriluiiiiii^r \'i.ry hl^rh jKTeeiit:i|ies of iiimiymiese me vt'vv resistaut. hiit- 
.siieh titoleriiil. ferM-tusriyrurii'si'. full:* in llie siiiiii’ eult'itorv us huro silieoti. siiiee 
tlo'se prorhiels euliilot he eoilsiih'l'isl us steel, lull shoLilil Ik' reuiirihsl ii.s s|ss*iiil 
tillot's whieh uri' prohuhlv sluhle eiileeiirs. There urt' si'Veriil ollii'i' verv hiithlv 
ri'sisfitiit iilloy steels whieli should lu' iiieluded ill llii-s I'luss Ilf Nutleriiil. e.r/.. those 
eoMluitiiiift e.seessive miiiutjils of liinosieii. uieliel. eliroriuiiiu. Jiiiil vuiuufiiiTh. 

The illlluertees of ulloyed llo'lltls oil the eornullliilily of the plodllet will UOW' ho 
(h'lllt u illi 111 pinthe| leu lly. 

.f/uoo'io'uui. SiiiM[i]i'S of pure iron eoiituiiiiup ies|Ms'li\elv tstit'd per isuif. iiiof 
Tl!:i (ST eeiil. of uluiiiiiiiiiiii were prc’piire'l hv lliirj'ess utul .\sloJi (/'irtit*. ,fim-r, 
AViv/ro-e/ovo. Itihl. uo}. Tile heliutmur of ihe lirsi ttjis found lull to tfiffer 

from thill of )iure iron when e\|MiM d lo enriosive eiuiditiolls, Tile sei-ulld sillllple 
shouisl lilt itiereiisiul sii.see|itihiFily to utiuek in rind iiu'dju hut n sliyhtlv iut'reii.sed 
n'sislivite loivunis uluiospherie isirrosioii. 

.lr.ve«o’. There iippeurs lo he tin ileliiiite nr eoiii'liisive evideiie** jiviiiluhhy 
repurdiliu the resislullee of ursellinll iron or sleel to eorrosioll. Ileyil llhd Ihiiier 
(d. feoo iiwl fSttrl lux!,. Ililili. 1. luti] tiiiuh' u series of e.vpiu'iitieiiis wliieli seemetl lo 
iudieiile tliiit the preseiiee of iir.'euie hsl to more viyoroiis eorrosiiiii, hut lliey driiw 
iittiiilioii to thi- itironehisitu'ru'ss of thiuj' resutls. siiiee the Kpeeiiiieiis Weri' prepitn'd 
ill sueh It w'uy tliiit tluur lieluiviour eouid tiol he rejriiriled us likely to rsirresptml 
with thiit of stis-i ill tthieli the itrseuie ttus hojjiii|teriisujslv ilistrihut.eff. Their 
miiteriiil tvius piveii uii iirMiiiiirettisI skin hy heitliiip it ill nil (itiiiiiMphere of 
uneuiurelled liyriro|[en. iliirp'ss itiid .Asioii [Truttx, .'ftwer. Kht'tnx-hmt. Stir., Ittltf. 
22) have more reeetilly inviMipuleif tlii.s prohleiu, mid their ohservutioiis lire more 
or less ill ueeiirrl wit It those of ileyii mol ffiiuer. ft won hi seem I hut the nrseJtie 
eonfers no s|i<s'iul reuislivily itpiiiiisl ul uiospherie eiirnisioii mill ihut the n'uistHiice 
towards add iiiedia thrreasi'.s slifthtly with itierewH: in the arxeiiie euntent. In fttiy 
ease, huwever, arsenic has Imt little sij'iiifieaiire in this ronnisfiun, sinee metals 
containing it in anionnts exceeding iinavindahle Inui's have (suir ineehtinical pm- 
perlirw, being weak and hrittle ami nrisnltcd for most, purposes, , 

(.'ArowuMm,- .Aitehison (JVnoji, Fatiuinif Sm.. iUlfi. 11) retsirds some interesting 
otjMTvalions on the inliuence of this metal, anti thi’sc would apjs'iir Ut have been 
subefantiati'd by other wurki'rs. I’)) to a certain [siint (alsmt id |ier cent, of 
chromium) the addition of this element induces an increased corrodibility, but when 
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thifi quantity i» exceeded, a decidedly increased resistivity je exhibited. Steels 
containing 1^5 per cent, of chromiuni were not attacked at all in salt solutions, 
and only very slightly in 1-0 per cent, sulphuric acid. Continued increase in the 
chromium content was accompanied by an increased resistivity of the steel, though 
a small inen^ase in tin: corrodibility was again observed in the metals of the highest 
chromium content. In 111 per cent, sulphuric acid, howler, the rate of corrosion 
or solution was found to incmase with increase of chromium over 10 per cent. 

CiiIjiiII. .S/.isd.s containing rolwit do not jirc.seiit any .striking modification in 
their corrodiliilitius as conijaired with that of cobalt-free steel. Increase in the 
cobalt content indiiciis a slight but steadily increasing n^siSivity towards corrosion 
(loth in acid mntlia and under atmosphcTic influences. The introduction of similar 
amounts of nickel lias a iiuicli mon' jironounced effiKit, and having regard to the 
much higher cost of colailt and tlie quantity which woulil l>c required to imjiart any 
lyiisoniible i-esistivity to tile .st<s‘), there would not appear to be any advantage 
attending its use in this din^ction. 

('iijijur. The effect, of copper on the corrodibility of steel is .still a question in 
eomiection willi wliich there t.s mucli contioversv, and in spite of the fact that the 
results of more recent in vest igal ions [mint to tlie fact, that the addition of co[>]H*r 
is lienefieial. its presences is often viiovetl witli sil.spicioii. Aitcliisnn (7'raM,T. Fnmdafj 
Si>r., ffllfi. 11) oltsin vcil that all.bougli the presmue of copjier resiiltisi in an increase 
in the rule of eorroHion in sodium eliloride soiiitioiis (the <'ijneeiitration of chloride 
approxiioating to that oceiirring in smi nntci), and in I’D per eent. siiljdiurie acid, 
(he corrmlihiitty in strongei iuid was distinctly lowereil aiul that the rapidity of 
attack deereiiseci as the |K‘iccutage of eo]i|HT was inereiised, lie attriliates the 
tnihauef'd resistivnty to tiie prorlucfi(i?i of a luvtn' of crqqsn' on lhi‘ metal surfaei*. 
which tnay actually he obsci'Ved and v\liif.'h Ims been preci[)iTateil on to the metal 
from (he arid into wliieli it has first gone into solution, Sueli a iilm may easily 
he coneelved to net as ti |niilection agaiiisl further attack, and the greater the 
peix-eiitage <>l etqrper in the metal the iiioie sahstantial may this film beeonie and the 
tiioix- rajmlly taav it lie iliqxi.sUml. 

Iturgess nail Aston (ITroas. .(nan. AVciV/vs/n/s. Siy\. 1 III II. 22) aiv also in agree¬ 
ment with Aitehisoii ill llial they coiisiiler the preseiiee of isqiper to enhallee the 
resistivitv towaixls aeid attack and also towards atinosjiherie coiixi.sioii. They 
eimdiieled e.xis'vlaunts with steels whose eojiper eonteuts ranged from ll•(IH!l to 
7-ir> per ceiil,, and their ohservalions are ipiire in line with the above. They found 
that even siual! amoaiils ol tsipjsT resulted in a deeidediv imiiroved beliaviotir. 
The ex-piniiatiou udvaiieeii by these workers Ls that since iron and copper, up to 
alsuit Ibli )a‘r emit, of tlie latter, form solid .solutions, it is to lie aiitiei|in(eil that the 
alloy will he [lerfeetly homogeneous, so that influences tending towards galvanic 
aetion should be i^isenf or at least at a minimum. Tbe solid .solution of iron and 
co(i|M>r may lower the .solution [iressure of tbe iism. but if tins metal goes into solution 
it will leave a ile(M)sit of eopper in tbe form of a [iroteetive film on the surface of the 
underlying metal. 

Hud held (I’foc. Roi/. Sue., IM'i, lOt, I7‘I) also found that a small preontage 



THE INFLUENCE ON CORROSION OF FACTORS «» 

» ' 

oI copper in steel is beneitcial.' An inrresiwd mulAoce to nUnuspherie comwion, 
partleiilnrty solphnnus stmospheree, «rsa oUen'ed. It ww also noted that steel 
with the rail]- or royiiig-scslc removed was nion* ivoLstaut thui steel on which the 
scale was sllowcd to remain. iStrel (smtaininK tl'tiflH jter cent, of copper was found 
to be uiOM resistant to sea wster than ordiimrv steel, juirticiilarly as reftards the 
initial rate of corrosion, and the sii)>eriiirity is priwervi'd duriii(( sntweqncnt {leriods 
of the process. Tlie initial rate of eonosioti in fiO per cent, siiijihurie acid was rapid 
with both ordiuarv and c<i})|s'r steels, but after three wirks' ex[xisure the latter 
corroded only very siowly, whilst the rate td eurrosicin of the ordinart' steel remained 
imdiniinishetl. Tests made witli [ht I'ent. sulpiitirie acid were in aftriYinent with 
the aliove, but it was found tliat there was little sii|M>riiirily in the <' 0 |>|x'r sletd sa 
ri^anis its attack by si'a water. 

The atiditioii of copjier up to ] iff ’> ]ht I'ent has ad cantata's also in regard to 
the nieclinnical jrruperlle.s of the steel, and the latter Is i'iaii|sirahle to metal ill which 
the copjaT has been r^iplaced by an (>i|iial amotmt of nickel botli as ri-gards rnM'liaiiical 
)ira]aTties and Imvenal snsceptibihtv to carrosion, ('upper slisds therefore merit 
s]ieiial attention, ]uirtiealiirlv since eepfier is cliea]i ami easily added, 

•VieW. -It, is geiiendly iiceeplisl that the addition of nickel In slis l Very con¬ 
siderably lowera thi* coirodiiiilily of the mi'lal. I Iccasioiial contradictory stats'mento 
may lie found in the litemtiire' available, bat these are negatived in every direction 
by the reconis of t)ie behaviour iif siicli metal in jiracliia-. Its corrosion is more 
difticullly induced or iiiitiatisl. and it is generally reeardeil that the subicxjuent 
progress of corro-sion is also maeli relardisl. Steel csmtainiiig alsait b jsir cent, 
of nickel has jirovtsl itsidf to be so superior in its resistivitv as eoaijiansl with iiiekel- 
free steel that const ’(Table (painttlie.s of it are used in eases where high r<»istivity 
is derinal, and in m.iiiy inslaiiees wIkti' ordinary steel has salfcrtal exireincly rapid 
eonnsion, the substiliiliim for it of iiiikid steel lias very effeelividy cut down 
replacement diets, etc. 

Tlie lesidts of independent invealigatiirs who have iiuide com [HI ra live testa on 
the resistivity of nirkel sbad are \ ery consistent, and it cannot lie disputed that 
the [ireseni'ii of nickel, in amounts of 1 ]ier cerit, and over, diais crinfcr a pronounced 
resistivity towards corrosive attack, hoth in acid ineilja and under atmosplmric 
conditions, and also that this ri'siatance increases with inereasu in the nickel content. 
A very sensible reduction in tlio rate of ciprnision has linen olmerved in steels con¬ 
taining b per rent, of nickel, w hilst those containing 10 [mr cent, and morea|i|iear 
to be almost incorrodible, (.'oiiiinerciid nickel stisds usimlly contain about 9 pur 
cent.; (juantitics in cxcivts of this result in a [iroducl which is extainsivu and which 
is BO hard that it is difficult to work. 

The [imtcctivo inftucnco of nickel may be explained in a nutnnnr similar to that 
of copper, i.e,, a solid solution of iron and nickel is present which, in the event of 
corrosion, results in the solution of tlie iron and a concentmtion of the residual 
nickel as a protective film on the metal surf ice. 

Selenium, Silver, Tin, and Letid- Very few experimenta appear to have been 
conducted with a view to obtaining data on the infiiience of these metals, probably 
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Ixitaiiw^ th^y Mi-. iihukhhI (lotistitucnts of xtoftl and liecaiise nietak containbg them 
would he either too exjx'nsive or defi< i<:nt in mechanical f>ropcitios to justify their 
imiiwtriul application, Sutficicnt evirlencc is not avaiiahle, then, to warrant any 
diifinitt! concluHions ii.s nignrds ttio iiiilinitice exerted hy these m((tals, although it is 
interesting to not<^ in view of the practice of applying i>rotectioti to iron by tinning 
iiini which possibly may result in the formation of a siijsirficiai iron -tin alloy, that 
Biirgcas and Aston found that iiicrcasi! in the tin I'ontent lowers the resistivity to 
acid attack. 

Tmtiinti-n. (Trmix, h'nmihtii iS'w., Ii)l5, 11) (jl)s<!rvcd tliat the general 

corrodibility of tiing.steii .steels iticreusisl with the tungsten content up to 31 per 
cent, of this metal, Kiirther iiicre.u.se in the tungsten proiluccd d rliicreasc, in the 
tswriafifiility. Invcstigntioiis tnadt* by iinrgess and Aston (rruas. Amrr. /i'fcrtror'Aew. 
tSVic., 22) do not confirm Aitcliisoii's resirit.s, .since they indicate that increase 
in tungsten results in uii incrca.scd rcsistivitv. Tliev worked with material in which 
the tiingHN'i) content varied from ()■ 1 to 3:t K(i per cent. Attention is rlntwii. however, 
f<> the fact that no proiiouimsl iiiiproveniciit ill the resistivity occurs until the 
(|iiiintitv of tiitigsteii iiii.s cotisiilcrafily exceeded the ])ruetical limit, e.xcept in so far 
as the limited iipfilieation ol high timgsti'ii steel to the maniifaeliire of tool.s is 
colicertird. 

yiimiilititti. ’Die corriidiliililv of steels ciuit'iiiiiiig vanadium Is rippareittly 
fti'i'eiitilatisi by imnvisiiig [inipnrlioiis of this metal, tfioiigli little e.xperiliieiltal 
work lias Iwcn carriisl (uit, on this class of stis'l. 

Tiw htjliu'tu't' nf Surfttii' /mymri/o's or h’jfrruit'un.-t .1/otfer. --.Mill-scale is perlia[is 
the most iiiifiortaiit of tliis group of sliiiiiiiilive [iiclors. It ha.s iilnsidy been .shown 
(('laipler l\'.) that th<! prcseiiic of rust or liydnitisl (errre oxide, KcJ)-(, (ill;,l). aeceli!- 
rales the rate of corrosion of tlii' iron or sti'cl on «liose surface it is jiroiliicisl. 'I’lie 
composition of t)iill-.si‘nlc is l‘'e.,l),, and it iilight he c.\piict(si that, owing to it.s lower 
tiegree of oxidation, atid coiiseipumt less jirononncisl electro-iiegatis'eiLes.s towiirtls 
iron, il Hituld prove a bsss powerful stiiimlitor than rust. Then' is abiimlaiit 
rvbleiiee to show that this is not the case and that iiiill-.seale is a partiiiilarlv powerful 
iicceleratoref corrosion. This may he ex)i|i\iiied from a consideration of the diltereiice 
ill the physical cliarm terisl n s of the two liodii’.s; rust is n.suaily of ail open and porous 
Btructiire mill is com)sirativcly loosely attin hed to its jxircnt metal. On the other 
hiind. mill-scale is extn’mely hard and ileti.si'. and is sttniiglv adherent to the metal. 
If is. moreover, iin excellent coniluetor of electricitv in comparison with the loose 
texturiaf rust. 

A perfectly conlimions eoatiilg of mill-scale acts as a particularly gmsl protective 
coating, hut if its eontiniiity is broken, ns is almost invariably the ca.se on m-inu- 
fncturial mateciiil, then il promotes eUs-trolytii' aetion and gives rise to rapid corrosion. 
Pitting is very frispicntly allrilmtixf to mill-scale, and this form of corrosion, 
although nion> or less lis’jilisisl, is far more destructive than nuifnrm corrosion, even 
tliongli the latter Im pria'cetling at a greater nite. A boiler piato or tube', for instance, 
tiuiy lose several jHnmds in weight under uniform corrosion and ye.t be little the 
worse ns n'gatda its mechanical atnmgtli or Rtnesa for service, but a few ounces, 
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or irrarotnvs even, when reniovt'd by the loonlieed form of eorrosiiin, will 

VOTV soon lead to coinplete fiiiiiire of (ho boiler bv nlnicmt or romjilololy |)orfonitinft 
the pints or tube. It is c'liit’Hy for ronsotis of this kind thnt niill senle hns Hoi|uir«d 
its evil reputation, uRd the evidenee jiti'iierally tends (o show that it is tliiirotijthly 
warrantesf. If the senle were not so stronttly udhereiit to the met id, eomision 
would conceiviibly result in the fonuution of rust lielow the eilttes of the mill scale 
where its continuity is broken, iind corrosion would pris'ced uhuitt the meird under' 
nenth the siule. As the volume of rust is uliout ten tiiiii's that of the nielnl from 
which it oripimifes. it would push ii)iw;mls and detiieli the «ule, so that in n short 
time the process of corrosion winild thus have the opportiinitv of |irtx'eedmp mimi 
tlilifortiily over the entire metal surface. This act ion of rust, when’Iiv eostinjpt. 
protective or ^itlierwise, may Is' detiK'hed or rcrnovei], is oftiai iMliihite.l on juiiittcal 
inatcrial. where it lirst liecoiiie.s apparj’lit as a pimeral blislerinp of the paint film. 

ft lia.s been <leiiioii.strateii eS|S'ritiieiit illv bv (I. Whipple and M. Whipple 
{TmHx. Amir. Klirlrix/trm. No'., llt|J, 22) that steel which jiits liadiv when the mill- 
scale is left adhering to it does not ]at wlieii the scale has hecii reiilovcd, an<l the 

necessity for its ri'iiioval is Jiiiw pniernllv apjirccialctl. ... ji linti'rs always jire.fer 

to cuiiiiiicnce work on a scale-free surface. 

tither impurities, such as cinder and sl ip iiicinsioiis. whoso ixciirn'iicii in I'om- 
iiierc-iiil jirxHluct.s is hv no me ins niii iimiiiiiti. and which, iillhoiipli they mav ho 
di.slribiited iiiori' or h ss iiiiiforiiiiv throiiplioiit tlie muss of t)ie nieird, nisacasarily 
appear on and ih-stniy tlu' iliiifonn character of till' siirlace, have a similar intlneneo 
to mill seale in stimiiliitinp palvauic aelion. .Al.so. liiirinp the procesa of rolliilp, 
particles of scale and other impurities liecnme endieddeil in the met il surface and 
the rorrosioii of sill II MCitiTial oflen is eiirs in parallel lines as a result. 

'rile effect of iiccliobsl pases in iron ou its corrosion is a rpiestion which is often 
riverlooked, yet they cannot be without iildneiiie on the eorrnilibilily of the metal. 
The pases eoncerned are livdropen, owpeii. and carbon diovidc. Dccbideil liydntpefl 
is ehs'tro-neoative to iron, and the metal ( iiii absorb a comparatively birpe amount 
of this pas. imrtienlarty il the latter enters into cniiiliitialion with it. The aetion of 
slninp aeiils. a.s in pieklinp, ex[iiLsiire to super lieabsl heated stasini, and tiuenchitip 
in water, result in (he isclu-sion of hydnipen, and the met a), wliieli is also tlleridiy 
hardened, is known to be reaililv eorrodihle. Klectrolytic iron does not nlwaVH 
behave in acconlaiire with the peneral supposition that, “the purer thh met'd, 
the preater its resi.sfivity," and it i.s possible that its oeelnded liydropen may be 
Tespon.sibin for siieh misbehaviour, or at least that portion of thu pits which is present 
in the fr<'e state and not combined w ith the metal as an iron hydropen alloy. 

The prolmble influence of oeelnded oxypen and carbon dioxide may readily 
be inaapined and need not, tlierefori', be eoiwidered further, 

StnirJiml Helirogi-!uili/—Striiin. -The influence of segrepatioti has already 
been introduced in connection with the consideration of the mat^taueau nnd sulphur 
contents of .steel. The process of ssirrosion is initially one of solution, and is de¬ 
pendent upon electrolytic conditions which are established on the surface of tho 
metal. If tho latter is perfectly homogeneous and free from imjiiiritics, there can 
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\w no anA tW {otmation oi electrolytic cpuplee on ite surfoce cannot 

rwijJt /tom wich a CHiwe. Iron must first go into solution before it can be converted 
iiiUt rust, tmtl in so doing n current must neces-ssrily flow from the point at which 
iren is disMdving to some other jioint on the metsl surface. *Any influence which 
facilitates the fitiw of this current will accelerate corrosion, and segregation, 
therefoiS!. hy providing points of lowirr potential to the iron, tends to induce an 
incri'aws/ rate of srrhition or corrosion by stimulating galvanic activity. 

The segregation may Ire tlipit of impurities or of some easential constituent of 
(he metal, and it folloux from tlifp nlapve that tiie rate of corrosion of the riietal will 
generidiy increasu with iticnsi.sri in the degree of segregation. It should be the aim 
of stoe] nianufacturcrs, tliendore, to eliiiiimil<p, as far as possible, all impurities 
HD(I to exercise carefiil ctpiitnil of (heir proccssi'.s it) order that the segregatiorj of 
iMSPmtial or muivoirlabie constituents of the prpfliiet may lie reduced to a minimum. 
The fai t has been repeatedly etiiphas!sell and (xmtiniied by actual experiment 
that, other conditions living e(|uid, the liiglicr the purity and homogeneity of the 
inetiil, whether iron or steel, or, in fact, any metal or alloy, the, greater is the rcsist- 
enee iifferis) hy it towards alfack by eorrasive iiitliiences. The |)rodu<dion of such 
material, however, is by no iiieans easy, sm! it nni.st be rtaiieiiibererl tliat manii- 
fiieturers have other olijeets in view, sncli for instnnee, ns the good mechanical 
jiroperties of tlieir prodiiefs, and eonceiitrated efforts on their part t<> attain chemical 
purity and liomogeiieitv, would, in all prolsiliility, result in an iimlesimlile modifi- 
eatioii of these meelialiiiiitl properties. 

In rsmiieetioii witli the lie.terogeneitv <>f the tiietal, one or two words may be 
ineliideil with regard to heterogeneity <>f the eieetrolyte in which it cotrodes. It 
may hap]sm, under certain coiiilitlons, that solutions of tlio same composition but 
of tiilferent concentrations eotm; into contact with adjacent portions of tile metal, 
and ttliiit is iismilly known as a “ coacentnition cell ” is |iro(liiec(l. Tluit ]>ortion 
of the metal in I'ontaet witli the more tiilute solution of the salt, etc., corrodes, at 
any rate initially, jireferentially to that in contact with the stronger solution. A 
simple way of illustrating tins is to half fill a glass jar with a saturated solution of 
unit and then to carefully till up the vessel with a niueh weaker solution of salt. 
The ilittcrciiee in tlie densities of the two sirlutiuns will serve to keep them sc|Mrate I 
for a suilii ienl length of time in which to perform the expurinient. If a strip of 
iron is then lowensl into the jiir so tliat its lower half i* wetted liy the saturated 
salt wiiution and its u]>]sir Iialf by the weak salt solution, it will be observed that 
the corn»ion is unmistakably confined tii the upiior half of the strip. 

It is also interesting to note, in cimiiection with the effect of homogeneity and 
purity, that a highly ]iolish«l iron or steel surface, especially the latter, offers remark- 
able resistance to eormeion as comiiared witli an ordinary smooth surface, and 
particularly with a rough or cast surface. Highly polished steel is verj’ resistant 
to acids and etches with ditliculty, a drop of water placed on it assumes a spheroidal 
form, and thero is, in consisiuence, a ininimuni surface of contact between the metal 
and the electrolyte. It is sup|K»e(l that the effect of polishing is to spread a film 
of pure iron over the surface, covering the ioipurities and aegregations, and thereby 
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imparliiig sn eolianced resudvity to die meta], Wkedier thia explanation ia oonert 
or not does not alter thp above farte, and it baa been aufoteated that it would be worth 
while to polish the aurfacea of boiler and roudenaer tubes in order to eoture a greater 
length of service and Tieedom from corrueioii. An idtemative explanation of the 
effect of ]ioIiahu]g is that it removes tlio greater proiMirtion of surface impuritios 
and consolidates the surface rendering it low fiorous. The towered rate of corrosion, 
however, applies almost wholly to tlic rate of initiation, once it has establisliod a 
hold on the metal surface, the effwt of jsilishing ceases to o|>erHtc, 

Fhytical HrlcrogenfUij-- hKnUxvd iStmiss.—The fact tlwt a stniinod portion 
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of a piece of metal exhibits a different jiotentinl to the rotnaitnler is excellently 
illustrated by means of the ferroxyl reagent. Figs. 10, 11, and 111 are photographs 
of pieces of pure iron wire mounted in tlie reagent. In each case the pieces were 
cut from (he bobbin with scissors, and it will be seen that in hg. 10 the ends of the 
wires, which have been subjected to a shearing force, have, without exception, de¬ 
veloped a zone of blue colour about themselves, showing that the strained metal 
has acquired a different potential from the rest of the wire, end, in this particular 
case, a higher potential. Fig. 11 shows a number of pieces of wire, which were also 
cut ftom the roll with scissors, but in addition they were each given a 
sharp blow midway along their length, ffattcniiig their sections. Blue zones 
developed at these points, again showing that the strained metal has a higher 
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HDliitlDn preiHure than the unHtrained metal. It in ulao intetesting to note that, in 
two of the pieces, the flattoiiwl portions arc elertro-positive .to the sheared ends of 
the wires. In fig. 12. the wires hud been repeatedly bent backwards and forwards 
about their mitldie.s Udore being mounted in the reagent, this fraatment corresponding 
tr> cold-working, and here, again, u similar (litfnrence in jaitential is exhibited. 

Lis’alised internal stniiiis may be pr<xlliceri in the metal in several ways, daring 
the pris:(!.ss<w of timniifacture. the working, and under eon'litions of service. Modern 
higli-speetl methods of pnslurtion and working, tend to result in protiucta in which 
segregation is pronoiincisl and otiieb have been cut, pressed, rolled, or machined 
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iiit.i) sliiijs' so mpidly that nioleciilnr rcailjn.stiiients liave been ))revpnted and internal 
stmins have thereby been developed. Carefully controlled nniiealiiig would go 
far to wan is eli in mating these strains by ]S'rinittiiig rendjastments in the metal 
strnctlin'. and might be ailt nnlageonsly resorteil tji wherever possible, 'rhe slow 
ciKiUng anil working of nietal.s of olden days has Is'eii advanced us one reason why 
fhese prixinels are pemninent in character as coni|»ireii with nnxlcrn ]irodu('ts. 
They Were handled slowly and Usliou.sly and snl)jcrti>d to prolonged heating and slow 
working wideh en.Hitteti a greater freedom from strain and heterogeneity by thorough 
annealing. 

Modern methods of cold-working, with iwrluiiw an occasional exception in the 
ease of )H>roiis material whidi has been rold-rolied, and in which a consididation 
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of the suHace hna thus been effected, greatly (irrelernte tire corrodibility of the 
nietat. The iniinediste vicinity of a ptitidied hole in n sUiel plnte, for iiwtanco, is 
usually the point nt which I’urrosinii cotinnences. The grooving of bends aiul aiig^o 
irons and the jiitting of rivet heiiifs, wiiich eoiiiinotily iwcurs in lioilt'r*, ar»^ again due 
to the same cause, for althougii tlie mntcrial may have hnoi lieiilial ]irior to Iwndiiig 
and the rivets to riveting, it Inis laaoi ra[ii(lly iikiIisI ami has not been sulma|ueat]y 
annealed. A subsidiary cause of grimving in hniler |»irt.s la nttrihiilahlc to strains 
produced thermally, a tem[H‘niture grsdit'iif nlimg a piiae of metal will obviously 
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produce intcriial strain hv laiisiim iinis{iitil cx|siiiisii)i nr cojitriction in adjacent 
[atrlioiis. 

(.Vild.W'orking a metal or w'orking it at temjieratiiri's liclow whicli riicrystnllisation 
cannot jirocced ri.siilts in llie prodiiclion of a filiii of amorphous material Isitweim 
the (Tv.stnl grains, and this material is elisgro-iioaitive to tlie crystallisiui jHirlion. 
The lirsi stages of the I'orrosion of siieh iiinterial is therefore more jininoiincxid along 
eertniii more or leas wdl drfinHi lines, iilid the loctal, in aiidition to Wirig strained, 
has also been given a lietcrogcncinia afritcliire. 

It is well knoH 11 that surface wounds on a metal, siidi ua indentations, scratches, 
abraaioii.a, etc., and also fractiirwl surfaces, becainii; nmtres of corrosion, This 
is readily iinilerstoisl in the light of the fowgoing remarks, since the metal must 
liavc been locally strainwl wlien the woiiniis were iiiHieteil. .Such dofm.t* generally 
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exhibit an electro-positive character to the adjacent metal, and it would appear to 
be the rule that strained portions of a metal always aasunie this character though 
the factors dctcmiining the relative potentials are in such delicate equilibrium that 
reversals of [Kjjurity are readily and fre<iuent!y induced. 

In concluding liii.s chapter, it may be desirable tri summarise the inhibitive and 
Btinmbtive factors w'iiich have so far been cliscussed. 

STIMUhATIVK FAITOKS 

(n) Those tending to mainbiin a high concentration of oxygen at the seat 
of corrosion. 

(6) The presetice of rust and mill-scale. 

(c) The preseiK'e of electrolytes in the wetting mediiim. 

(d) >'<triiy currents from exhirnal s1)urci!s. 

(e) Contact (as in structures, etc.) with dissimilar metals. 

(/) f’cgregiitioii of cmislituents and thi^ jnesimce of surface imjtiirities. 

{(/) I’liysiciil heterogeneity or a condition of intiTnal .strain. 

(A) f^iirfiice wounds. 

(i) flold-wcirkinp and oth<T jirocesses or (oiiditions inducing {ij). 

(j) The ])reseii('o of eieeliKhxl gases. 

INIllllITIVK FAITOHS ' 

(ft) Factors tending to limit or cut off the su]>ply of o.xygen from the scat 
of corrosion. 

(b) Th(! jwrscnce of certain electrolytes iu siilficicmt concentration, chromic 
acid, chromates, and ulloilies, 

(c) The presence of mill-scali^ iit a contimious and unbroken film. 

(tf) Coutact. with metals having ii higher solution pressure. 

(e) Correctly iip[)lic(l (ixternal currents. 

{/} Control ol impurities and can^ in iiainufacturt' with a view to limiting 
segregation. Annealing. 

W Iti general, the eon verse of the factors given iu the pn;vious list. 

NOTH 0\ TIIK COMllOSION” OF 'Hl’Sy’' IRON 
It has often been noted that iron which ts in constant sit vice suffers, in many 
instances, much bsw sevr'rely from corrosion than rloes similar material which is 
” irile.” Tlie typical ami most (rrupiently quoted cxamplu is tliat of railway lines; 
those on the main lino are always less corrtKled than those in thit sidings or the 
renewals which may be seen lying alongside the track. The comimrative freedom 
from corrosion is not confined to tiio top or running surface of the tail, but is shared 
to a greater or less degree by all portions of the nil surface. Somewhat analogous 
observations have also been recorded iu connection with many eases in which the 
niateiial is not static, either actually or relatively. 

Several explanations Itave been ad ran reel to explain these facts, and it is probable 
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that each offers a correct, if ooly a partial, scdutioD. It haa been su((;t(Mted, for 
instance, that the conditions moat favotirnhle to the electrolytic action by wliich 
corrosion proceeds are Miose of an undistiirbwl or (juiesccat nature. In sonie cases 
of pipe-line corrosion it has been obaRrv'e<l that the procow is most rapid diirinit the 
interval) in which the flow is slowest. Arcordiuff to the above suggestion, a slow 
flow perniita the bubbles of dissoivini gas. lib)“mt<sl by the wafer, to cling to the 
iiietal surface, whereas a m]>id fltiw would tenti to sw(s']i them along with it. la 
steel pipes, therefore, a slow flow would lie cundutav)^ p) pitting, but a rapid flow 
would mioinuse the likelihood of tliis. This cxpluiiation is a reasonaLle one and, 
if taken in coiijunrtion with that otlensl by a consideration of Fricud's Colloid ihotiry 
of corrosion, may well rc])tesent the great i;r | tort ion of tlie truth, so fur as |ii|Hi linea 
are concerned. 

The behaviour of biisv " sttvl rails is, howexer. nuwt jirohably attrilmtaldo 
to a scries of iiifhiciicea. On a luisy MUfe, for e.\aui]>li‘. it is ijiiite |sissiblii that llio 
freijiienl pa.ssagc of traflic maintains the rails at a fempi'rafitri! sensibly ularve that 
of the atniospherti. and the moisture (sinlained in the la11<T would lie thus |>r(ivetited 
from eotiden.sing on them. Further, ativ rust that loav be pniduced is liable to 
beconu- detai lied bv the vibralioii. and tile elanci s of au acceleration of eormsion 
due to the pre.seiiieof riist are reciueed almost toad. The top snriace of the railsiire 
alwiiv.s more or le.ss |iolislii'il, and even if local electrolytic eoitples evist. on them, it 
mav be that these are li>’(|itfUtly <iis1 iirlasl ami tile polarities reversed by the piissiigc 
of Irallic over tlieni. The.se jirolialillilies camiol., of eiairse. be extended to other 
portions of the rails wbicb nevertheb-ss share the imninuity from eorriMioii. Tile 
most ris'cnt addition to the above siiggesiicai.s, and xvhieli is a]i[ili<able to all {lortiolls 
of the rail snrfaee.s. eonie^ from I'rieliil. wliodraws attention to the elTect of viiiration 
in pis'eipitaliiig rolloiiis. Tlie vibnlioti of llie frallie, iimirding f<i Friend, prit- 
eipitates the eatalvsiiig ferric liydruxiile tsilloiil and ill this way relJinls i-orrosinri. 
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wat]!:K; n\s sources, characteristics, and 

IMI’UIUTIES 

tSm'r'K clicniii'nlly ixim iti‘Xi‘r iiivim nafunilly, t)iu in funis t to waters 

centw solvly IIhunt (Iw ///i/'iirifics liiuy ('(it^fjiin nnd wJiiuii Jiuve been aufjiiirerl from 
the iimtoriiifs «i(li m/iiV/i liiu imliT (las l oiiii! into miitnut cfuritif; its jouniuy from its 
suuD'x (mill, siiiiiv, I'tu ] U) iJie ('(iiiNiiiiiur. 

Wiitcriscssriifiiiliiml jti<lis|iuiistitj|u, not only to nil forms of life, but toiillbrnnclifs 
of itulustry, nni) its vnrvilio i‘li(ir;iif(Tistii'.s nru (lurivoil from tin: imiJiiritius, both 
Holid, noil tjnsvDiis, which It inny coritniii. It is icspoiisililc for mniiy iintiirnl 
^lii'iioincitii, iiU'liiilin)t, ns we. hnvc seen, thnt of corrosion, niid under {ircsont ilny 
conditions, tho siiilnbilitv of ditfiTcnt waters for stcnio-rnisiiift |nir|n)S(« and tlm 
Uicthods of iinlirovinf! the (|iinlilics of waters for this |Mtr|JO.se are |Jrohlcinn of Very 
(treat iln|iortntM'(t. The durability ami eeononiieid ojieratioii of boilers and of other 
units of |)owcr t'latits are ]trinei[ially de|ieiideiit ii{ioli the use of a |niie hoiler-feisl 
water. 

Very few mitliral waters me direetly .snituble for use as boiler-feed, till' majority 
of them re<iuirc, and should receive, trealnu'iit of some kind if the boilers, etc., are 
to be liuiintaiiasi in u rensotadily elemi mid eornision free I'onditioii. I'lisiiitaiiiu 
water, if HM’d raw. iinlreated, may result in serious daiiiaaE' in many ways, 
uliioliyst which niiiy be meiitioiieil the ra|iiil corrosion of boiler (dates, tabes, mid 
liUiii((s, rivitt-shcarinf; and the dcvcio|imcnt of leiiks ihroiieh the itiicijiial e\{imision 
mid eiintnutiiai which iiuiy arise from the I’.vcessivc overheating laased by hent- 
insululiiig doimsits, and bnli'iii); or ” hnjieiiiy'' of tubes, etc. Moreover, the evil 
«fI«;tsof iisitiy iiii.siiitnble water tire nirely contineil to tho boilers alone. Inn are also 
uuiliifented in other utiit.s of the steam rai.sitiy and [lower plant, from evonomisers 
and feed-henlers to the turliilles. 

Although, strictly speaking, the iiiilhnr intends to deal only with the eorrosive 
roiistitueiits of waters, regaril will be bad for the si'iile-forniing and other deleteriouii 
iui)>urities, first for the sake of completeness, and sernii<!ly beeause it is very ditiieult 
to draw a sharp line of deiiia rent ion between the two classes of iln|niritie.s. In iiddi- 
tioii, many nietluKls of wtiler treatment whieh have }«*ti evolved from pnwe.sses 
wliifh wore originally direeletl towimis the prevention of iwiler-scalc also eliniinato 
constituents whicli are now recognised as being corrosive. 

Tho corroeivc constituents of waters are princijailly the salts, other than the car¬ 
bonate, of lime nnd magnesia, niiueral acids and organic acids, grease and the dis¬ 
solved atniuspheric gnsi's o.xygen nnd carbon dioxide. The chief scale-forming 
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inipurilie» are the carboiuites uf lime and mngiieein. sulphate of lime, aud ailica. 
Other Malta of a pennaneutly soluble latture u)ay also aasiat in the fonnatioa of scale 
by their inter-net ctionf and the precipibition of the scale-form in); carbonates, nr 
rather, bienrbonatcM, liberntca, at the aanie time, tlie eomwivo eorlain dioxide. 

Water eoniinences to eolleel its im[)orities from the moment it- eonlcMi'iw into 
drops and fulls as rain. In falling to the earth it lilMsoIees <|minlities of atmospheric 
)pi«cM. prii)ri|)ally o-xyiten and carlawi dioxiiie Jitnl nitropeii. but 1 races of amiiioiiia, 
nitrous acid, nitric jieid. etc., are also nlinosi invariably prcMciit. in the vicinity of 
ton us, .sulphnroiis and siilplmrie jieids and siilpliiiretted liydr<i);en are also inelndrsl 
and a sur]>risi[m aiinmiit of di.s.solvt’il and siisja'ialed solid niatu-r is in tmiiiy lascii 
ae<|iiir4si from the diist and s(Hir siispemhsJ in the atnnss)ilmre. Tito rpiJiiititiivs 
of dissolved pa.scontained in niiii Hater varies eonsalerahly, hut the li)rnresare usually 
in tin* neinhfanirhoiKl of ](t t>t fa eulae eejJtirnetres of earlani djoxidt^ an>l Jtt t<o lit) 
eiibie reiitimelre.s of oxy({en jier jjalliitl. Tint etirhoii dio.vide eonlelil. tlioiljfli appir- 
entlv siiiall. iitar s an iin]Hirtan1 part in ensiiriii).’ the further eonlomination of the 
Hater, for. on rear 11111 ;,' the ;'riaiial, the sli;;lit aeidily ecaiferreii on the H'liler by this 
pas is larpeh' res|tonsilile for the dr-sintepnitum i»f rtu'ks jirni silicates and nllitosl. 
h IioHv for elfectiiip I lie .s<dntiijn itf linai and inapiiesia as their bieirlnaiates u hen the 
water |ia.sse.s thrcnipli such peolopieal stmlJi as chalk bisis, lime slimes, eti'. The 
silica from the eriwnn of ris ks is taken inlii snliilion as .sneli nr as the more fnsdy 
.sohiffle siidinni silicate. 

The 'lisinlepratinn <if rorks is assisted by llin tualioiis of temperat lire, purl nil lari v 
over a raiipe wliielt centres alaail the Ireeziiip Jsiiiil, iiml by llie erosive aelioii of 
niiiniiip Hater. .Also a ]iri liininare hydrolysis of l•l■r1ain eonstitileiila liy the Wntcr 
results in lisal e.vpan.siim and siibseijnenl ilisnijition. Other inipiirities. such ns 
sodium I hltiijile, result fnmi direi t snlutioii.iind the final i hanieteristies of the water 
are the nett result of itscniiloet nilh the materials over or llironpli which it has lloWcd. 
It is icsual. therefiire. to ela.ssifv waters aeinriliiip to tile soim es from wliieti they arc 
drown: thus we may have : 

(1) liain water. 

(J1 liiver water, fresh or esliiaiine (tidal). 

(:t) ,'t|)riii‘r water, 

(1) Well wiiti r, <leeji, artesian <ir shallow. 

(.u) Isike water. 

(li) Surfaee water. 

(?) Caniil water. 

(H) Cnlliery wiitiT. 

(9) Sisi Hiller. 

Whilst this niethiMl of classificution may he [larritailarly useful from certain 
points of view, it is not very well adaiitcd for cotiipurinp the characturiMtieM of waters 
from a atcam-raksin); standjioint. (.'unimcnctng with rain water, it is more convenient 
to discuss peneiully the impurities likely to occur in waters a ml how these arc acquired. 
For instam e, river, sjiring, deep-uel), lake and colliery waters arc alt influenced alike 
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by the etwta traversed by them, and the method of accumuJation, whether in wells 
or springe, ete., is of secondary significance. 

Jtain vxUer (.Snow, Uaii, ZVie, This is, of course, the purest form of natural 

water. It hius Iweti in contact witli the atmosphere only and therefore contains the 
minimum quantity of dissolved solid matter, hence its popiilar designation as " soft ” 
water. Kain waters are usually very corrosive, however, owing to the relatively 
largo amounts of diasolved oxygen and carbon dioxide whicli they contain, frequently 
tlioy may tx) nliiiost .saturjitwl with respect to the former gas. Subsequent contact 
with mineral ami other matter in the (wrth tmy eliminate or “ fix ” these gases, 
so that Wfitors which have flowed over or tiiroiigh the ground generally less con¬ 
taminated with timtn tlian is min water, and may often b<! less corrosive in direct 
(•onsB<jUem!«. Tim oxygim is expentled in oxidi.sing organic matter of both vegetable 
and animal origin, am! the carbon dioxide in rendering the carbonates of lime ami 
magnesia soluble. 

In towns and inrlustrinl areas tlic amount of dissoivetl im|mrities contaiued in 
min water is often much higher than would lie anticipated; siiiphiiroiis and sulphuric 
acids origiuatiiig from the combustion of coal, etc., are elw.iys pre.Hcnt. The ainouut 
of sulphuric .acid may macli a (igurc as high as 10 parts per 100,000, or 0 01 )iot ceut. 
The conwspictices of .siiidi a i‘iiu('eiitratioii of ai’id in H'.itiir wliicli ('runes into contact 
with ferrous materia! may readily be imagiiierl and the rapid deterioration of building 
material, eucli as marbles, saiid.stiinus and limestones, h i.s often been attributed to 
the acidity of rain untfrr. Aniiiuiniaalid its silts, nifralcs, mill siilplmrctpid hvdrogea 
are also usual const if iiciits of rain water in these ha' ilitics, and the qilantititis of 
N)ls{M‘lldird matter, carlioii (soot), mid road dust (c itciiim sulphate, calcium cirbollate, 
uuigneaimii salts, mid .sodium chloride) are, in in inv c i.sc.s, astounding. Common 
salt is an almost, inviiri dile rcmslitueiil. parlii ul irly near tlie coast, where C(mtamiii!i' 
tioii with sea spray is re idily elTeeleil, The evn por.ition of the spray laives the 
solid mutter coutuilied in it iu a very tiiiely divided foriu, mid with [avourahle winds 
this may be earriecl m iiiy miles inland, to be tiadly brought down dissolved in falling 
rain. 

When rain water readies tim earth It eitluT is’iietratcs into the ground or Hows 
over the .siirliice. ncrorditig to the ml lire of tlie ground. In the hitrer case, the 
fiMull is usimlly ii so-called “soft” water which cuiitaiiis much .suspenileri mattor. 
The wwitheriiig or lii.siiitegralioii of rocky groimii, wiiich quieklv sheds any rain 
fiillmg ii]x>R il, residt.s in the |>rodiictioii of a mud ciinsistlng of linelv divided or cvea 
colloidal siliceoii.s |uirticliv(. iiml these, together with other insoluble ininer.il m>tter, 
us well ns orgiiaic jussluds, are earritxl along in si is pension in the water. 

This type of Wiitor is frcqiteiitly repreaoutaal by shallow-well water, and is simply 
snrfaeu dminago. It is jiartieularly .susc0ptible to contamination with organic matter, 
both dis.solve<l and sitspein(oil, anti osjiuclally when collected in towns or from cul- 
twatctl land wliero sewage mid other uitrogeiious organic matter can gain access 
to it. Shallow-well waters are, in coiiseinience, usually charactcriacil by the jireseacc 
of ammonia, nitrites, and iiitrate-s, the latter reprc.senting the final st:kgo of oxidation 
uiidorgone by the organic matter. Phosplintea are also frequently present, The nitrates 
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and nitritw are prodnwl initidly na the mincrMi noi<l*, but in the [iriwenra of lima, 
aoda. and magnesia, which are rarely, if ever, alwcuf, (hey apiwar hk lh« mdta of thean 
iiielal.s. The soot carried down by rain often contains aniinoniiim Hnlphatc, and this 
is converted hy <'arl>f>Aiito of litix’ into aiiimoninm ctirbiiinite, whicli can bo oitidiaod 
to nitric acid. Tlii.s indicate.-i a second way in wliicli the nitrates of lime and inaKtiosia 
may lie introduced into natural waters, jind ajsirt from the itnliwiriid |Ki!luljon of 
rivers and canals, etc., thesis jiriHS'.s.o's re|in'seiit. with hut an occasional exc<)|i|,icin, 
the only sources of thi'se sjdts, Their |iri‘si‘tiee iii boili r feixi-water is very ntid<airable, 
and the )Killi)lii>ti with the tyjie of uri’iiuic iicitter uhicli ihi'ir iimsence tiifnrs 
also condemns surface and shallow well-waters so far as hiiuiati eonsinnption is 
conct'rneil. 

I'jiland surface waters a|i]'rc).\imali! most, closely to rain w ater, Tliev )iiiveej;|wri- 
<-tic(sl the niiiiiiiinm coiitEii't with the^earlh. atnl are tliiTi-fon' lllii-lv to list almost 
frsst from <li.ssiiKed inhienil im|mrjtv. .Viiv orgatiii nialter l ont liueil in them will 
be tialt resulting from <ffs'Ei^aal ve^etEd}]i> imiller. jtJtd Iteniv antiuotiia and nitrutivt 
ari‘ rarely found in fhent. The c i)iii)iosition of sImJlow wi-ll waters ami tin! like 

varie.s, jis iiuiy lie imagined, between very wide limits, ami their siris'es.sliil Ire-itnient, 

prior to their iw as lioilcT feed, is attended by considenible dillicnity. 

Much of the surface draiiiEijie I'ltids it.s wav directly into rivers aild stri'iiins. 
itiver UEiteis Eire oi-iEi-rEillv ieeiei h snfii r (Ineii .siiriiEi; or iha |E well water, partly from 
tlEo Eibove cEiEtse Eind jiEirtlv sIiee c. as will la' sliowiE. they teiErl to piirily thoinaelves. 
The iotteE'r their course beforEt the [jEijttt is rcEEi'ltE'd ei1 whii'h ttEhtl EttlltEctEci-scrEmnn'ncn 
to Eidect the Eaimpoaitiort, the pitriT thi> vtEtter will liecottEt-, asstmtiti^. Eif laairso, that 
indttstriEil prtllution eIoi'S not tK-cEtr. The i]EEatititv Eif .sEEspi-ndial tEiEEtter, for itistanee, 

is dependent Ei|HaE the rate ol tliEW of the riviT. Etud if litis is slow, as in smiimer, 

or loward.s the lEEottfh of the river, the EEEEjoEiut of .sEis|s‘«dis| lEiiEtter wit) be low, 
tboiiuh such coiiEiilion.s, cm thr- other hanil, obvioEtsly tenil ttiwapls a loaxittium 
content <jt ilissolvisl itEEpEtritv, The self purdiialirat of river watler is etbsdod, 
tlterrforc. first bv tbe scttletnetit or sedEttEtattEttioit eeI suspetidi-d TtiEttler. sisaunlly 
bv aeratioti, which fEudlitatt-s the Jibi-ratioji of r'jtrhott tlioxide EirEtl rcstilts in tlio 
prccipitalUEii of thtt insEEluble EElkiEline-earlli CEirlainale.H, thirdly hy cviEiatration 
wheretiy ammonia is lost, fotirlhly liy EieratiEEii Ei"Eiit), which naiiovcsaiiy siil|Ehiirelted 
hydrogen nr other aiilpliiEles ami pret i]iita1c,s any fe.rriEUs .sjiKs, euiH lift lily through 
lauteriological processes uhidE destriEV orgEitiic iitjpnritics. To tlic-si! piirifyinij 
inllnencra intiv Iw ueIeIciI the soEiiewhEil dilfieullly isliiiiEilile elTect ej{ light (tdtra- 
vii>li‘t)nnd electrieitv, anti linallv the isiradu.vicjEl elleels of i erlEiin iiidu.stri'd efnueiils 
which may neutrali.se acidity or Eilkaiinity or cause (Ite firecipitatioji of eeruin 
ditwolsaal impurities. 

Prraii the jtoint at wliieh rivi rs comtiteiicu to be atfeetrEcf by the lilies, an inentiising 
contamination wit It sea watar ooriirs. The e.vtcnt of eontEiiniiiatioti at a particular 
point of the river's emirse is variable, and the variation is largely (letertilined by seistiii- 
a bio influenetts. The result of a drought is to pennit tiihil effeets to a [mint which is 
much higher up tlie river than normal, a wet season has the. revcrsij elfoct, Tha 
Iioriodical development of boiler anti other troubles may ofttm be traceii to eaiuoa 

li 
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ol tliiH kind where tlic station is running on river water and the variations in composi¬ 
tion to whieli river waters are so liable, introduces men/ difficulties both in eon- 
nertiim witli their use anil their pre-treetment. The more important constituents 
(if KOI wiifi^r an- umliim eh/oride, magnesium chloride, magnesium sulphate, calcium 
su/phnfB, rald'mr) uirhonate, and jiotassium chloride, and none of these are in any 
way (Jfsiralile in hoi/cT-feed waters. 

In roiitrast lo .surface and Hliallfiw-well waters there are the spring and deep- 
well wadirs, ineliiiling also artesian-well waters. In the first place, owing to the 
filtration efiected hy the various strata through which they liave jiercolated, they are 
<'oni|a)mtiveIy free frmi) xaspendial matter. This is a point of no inconsiderable 
importance, (twing to flic abscticc of alternatives it iiMty be aometiines necesaary 
to use waters cont.iiiiijiig large (|iiiiiititles of suspended matter for boiler-feed purpoacs, 
and finely diviiled or eolloidal matter can causi^ serious troubles in the boilers and in 
otlier units, and its nanoval is ilifKealf, I’rciees,ses of filtration ur*^ often ineflcctivc, 
and settlement or se<liiaeatntion may )s^ impnietieablu owing to the length of time 
rKiuinsI aia! the prohibitive sirs' of the settling tanks which would be neceEsary. 
The use of I'lingiilalliig agents has almost invariably to he re.sortcii to, and 
unless thivw are ajiplied in a projaT anil systematic uiaiuuT, they may result 
in troubles as lual, if not worse, than tiawc arising from the siisjaaidcd matter 
itself. 

Jhiep-weil waters art^ iilsoniort! eoiislant ia eoiiipositimi than surface and shallow- 
well waters, la jvissing through chalk and lime.stone bed.s the water acquires 
quantities of caleiimi earboaate. which, though almost insoluble in water alone, 
is rlisHolved in the form of the si liable bh’arhonate owiag to the action of the atmo¬ 
spheric carbon dioxide eoiitiiined in tlie water. At the same time, carbouate of tiuig- 
nesia i.s taken up in a similar manner ami in iimmmts relative to the calcium car¬ 
bonate. varying, of course, with the projxirtion of inagaesia contained in the clialk. 
Sulphate of ealciam or gypsum is asiially taken up from the same .strata, and in 
certain r'ases the chloride anil sulphate of magnesia for example, when the geological 
formation marks the site of a driisl-up sea-hed. 

Itebitivi' to shallow-well and siirfaee waters, therefore, ihsqi-well and spring 
waters, whilst free from susls'nded matter, and also, it may be noted, from organic 
luatbT, eon lain much iliasolvod matter, and if they have filtered through a ehalk 
foniiation, they are usually " hard ” waters. 

Tlie fenns ” hard ” and *' soft " water most probably originated from domestic 
eirch's, fait they are still letainwl to clilterentiate between certain characteristics 
which have an imjtnrtant bi'aring on the relative industrial suitabilities of difleroiit 
waters. Hartl waters increase the labours of the laundry, etc., whilst soft 'vatera 
lighten them. II an 1 ness is due to the presenee of lime and magnesia, either as car¬ 
bonate, sulphate, ait rale, or chloriiie, and in certain casos to the salts of iron, alu¬ 
minium, and namganese. It is really a measure of the soap-destroying properties 
of t])0 water. tMsip is eoinjxwvi) of the soluble sodium or potassiuui salts of fatty 
acids. In the presentv of limn or nuignosium salts an interchange of bases occurs 
wberaby the insoluble salts of lime or magnesium and the fatty acids are produced. 
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sod which form s curdy precipitate with no Intliering or dotar^ent qiiolilioi. lentil 
sufficient soap has beea addetl t<i a hard wiitor to jirocijiitato all tite alknlino-oikrth 
metals or other hardising iin])iirilie.s. as orpitiic suits, a lather caiilint he )l^K]llcnd. 
Free carbonic acid (».e., dissolvwi iiud iinconihinisl carlamic acid K'ls) al.so cimfcw 
hardness by couihiningwith a portion Ilf the alkali in thesoajiaml lil>cralingal) ispiivik- 
lent amount of free m id, therehv destroyirig tin- sii:i|i, 

It is usual to ilifivreutiate heinceil wh it is called the “ ti‘iii|xirirv " iianlixiNs 
and tlie " pcrmuiietit" haniiicss of watiT. The blcarlxitiatcs of liiiic and ningmuia. 
are deioiii (wised Ly boiling the water and are prisi pita ted a.s the niirinal carbonatCH 
w h ich a re iusol lihle. The ca rl ion dio.\ i< Ic resn 111 ng f mm 11 1 is dccoti 11 a >s i t i o 11 , t ogeth cr 
with any fme dissolved carbon dioxide, is at the siiiiic ijnic cx)iclhsl, and any iron 
salts are also precijiitatta!. Tlic nsluction in the hardness ligiire (esliiiiatisl by 
means of a standard soaji solution under standan! eomlitions) brought a hunt hv 
hoiling gives the value of the teinjiorarv lianliii's.s, whilst aiiv resiilual hariinesa 
i.H known as the jieriiianent hardness. This latter is due to the pri'seiiee of salts 
W’liieh are not ihrowti out ol solution by boiling, stuii as the snlphali'S. i hlorides, 
ntiii nitrates of lime ami nnignesia, and thi' .salts of iron and ahiiiiiiiiuni, which 
tniiy not be eompietely precipitated. It is these salts, with the except ion of eiileinm 
sulphate, which cause corrosion iti boilers, ami I he .sigiiilieaiiee o( the |x'rmulM'iit 
hanineas figure i.s, therefore, eoiisidemhle, and is generally regnrihsi as of much 
mon* i!n[iortane« than the (enijioriiry hardness (igiire, Teiii)ioriirv linoliiess is a 
luea.siire of the olkalinu-earth earhonale Voiileiit of witter, ami since iho litiio sidt 
liMially prialorniuati's, and j.s eortsiiJen'd to lie a scale-forming impiirily, lianlness 
tigiire.s are getiiT.'illv regarded w itli eonsjderable resjs'et. by I huso in eliarge of Isiilera. 
Thu teniporarv hardne.ss Ilgiire indicates, at any rate appmximataly, tlia <|iiaiitiLy 
of dis-solvial iiiijinritv whieh will lie prnipiUitisl in tliu holler, and thus etiahles 
.some idea to Iw fortiied of the amount of siaile or sludge whieh will Msnll fmin tJlii 
use of the water iu question. An excejilionally higli degrisi of hanluess, wtiieh does 
not line up with the iiiiiounts of lime and nmgiiesiii jiresant, usually indicates 
the jiroseiice of decayed organic matter, resnlting in tite formation of nitric ui'id 
and (or) larlmnic acid. 

fn certain h an lilies t lie re lacur strata of a sandy character which conaist of 
hvdmtud ahiminiiim silicates containing also alkaliiie or alkaline-earth metals. 
They are characterised by holding the alkali in a bswe and readily soluhie form, 
aial have a Very inijsirtatit infiiietiie on the water whieh (uisses thniugh them. Thu 
typical and more iTn|xirtant or active varieties are known as “zeolites," three of 
which are given ImJtiw ; - 

analcite 

Xa, 0 ,AI,(l 3 ,;fSit)i,aHjf), natrolitc 

CnO,A 1,( )j,fsSifij,el!,(), stilhita 

When water containing lime nnil magnesium salts percolates througfi a sodium 
zeolite stratum there occurs an intardwngu of basic radicles. The wtdiuiii of the 
zeolite replaces the lime or niagnesium in thejvater, so that on leaving the stratum 
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it contfiiiuj, insUfiid of lime or magnesium carbonate or sulphate, sodium carbonate 
orsiilphate. ThecomiH)«itionofthc2Dt)liteit»;lfiHaltere9a8ahowninequ8tioii(33); 

fW) L'nCO, •! Nii*0,Aljf)3,3SiOs,,2HjO Na^CO, }- Ca0,'Al,0„3Si0„2Hj0 

In other cast's, ]S'feolation througli a lime zeolite may result in the water coa- 
tuiniiig <‘alciiim chloriile in plan! of atirlium chloride. 

/(sdites have been produeisl artiricially, and have liccn applied to the treatment 
of watitr for boilcr-feed ])iirp(jse.s. Tlicae will lie referred bo later. 

When! tliiwe zcidite.s strata fX'eur, it is often found that doep-woil waters, even 
tlioiigb sunk tliroiigli chalk or limc.stoiie formations, are alkalipe and soft, duo to 
till! pri'semr of sisliiim salts, wliiidi have bisui iiitrodueed by contact with zeolites 
or similar material and not by contact with strata cnntuitiing sodium carbonate 
or other sisiium salts. 

WatiTS in which the alkalinity is due. to sislimn carlionate exert an appreciable 
solvent action on silica, so that, although the normn] solubility of silica is but about 
oiie-llfth of a grain per giillon, it may be jitesimt to the extent of several grains per 
gallon in alkaline waters ns sodiiiiii .silicate. 

Mineral acklity in wnters, unless originating from industrial ]M)thitimi. is usually 
caused fliroiigli the oxitliilion of pyrites, cte., through w-liicli the. water has passed. 
Colliery waters or drainage often have an ar id reaction, wliich is aftiibiitalde to this, 
since iron pyrite.s or sul(iliide. isgeaerallv iissisaated with coal seams, 

tidier niiiieral iinpiirities, siiih as bariiiiii and |iotassiiiln salts, are soinetilnes 
met with, and are derived from sliatn eoiitaiiiing these ele.ment.s jii various forms 
of coiiibiiiation. AMiiaouiiim salts wlieii [ireseiit in ((iianlities nmch in excess of 
those u.silallv occurring in min and .surface drainage waters indicates arliticial 
eoidaininatioii, us also dis's the piX'seme of siieh inetfds as lend. eopjMir. and /.iiie. 

In iidditioii to the organic imparities altsvidv iiieiilioncd, thi're are those which 
oeiair in nnd <'haracteri.se water wbieli has llowed osaw peat. I’e.at lon.sisls |)riii- 
eipidly of cellulose. (('sHifidila. and tie' pnsilict.s of its decomposition. Cellulose 
is {Nirticlilarly stable towards dilute adds and alkalies, but it w'oidd apgiear that bio' 
cheniirxil pns'esses can etfect the proihiction of xxirious eoinjsiutids. some of wddeh 
hnveanneid read ion, and thus it i.s that waters from peaty di.stricLs are oftendedilcdly 
lu'iil ill cimmrier and give i>esitive results wlieii subjected to tests which jiKiieatu 
thill the ariditv is nrgiiiiic. Whilst a detinifi’ ciJiicIiisioii a.s to the nature of these 
acids iimv not W wimllv jiistiiii'd, it can bi! reisimably assumed that liumic acids, 
formic, ai'i'tic, and glycollic iieids. and possibly oxalic acid, exist, each marking a 
del'mite .stage in the disintigratinii of the cellulose, of which tlio ultimate pnalucta 
lire nirbiinic tU'id ami water. 

Ill 111 !' ))ri‘,si‘nce of these acids other parfioiis of the peat miy be converted into 
such comjiounds us cellidose acetate and formate, and auy mineral silts present 
in tlie water may la' tninsformed into the eorre.sponding organic salts, for inst'incii, 
calciiiin formate or iieet'ite. Under hoiler conditions, these compounds will be 
hydrolysial and the liber.ited fnw acids, which are volatile, cm pass over with the 
steam. The corrosive inllueiK'cs of such waters an' muially enliancod bewnse of 
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their rompnrDtirc freedom fnmi koIc- forming; liiijiiiritiex wfiicli, limt hy tending 
to iteiitraliiie nridity, and eeeondly by jirodueliig a tx'alo nliii j) uuiy net. to aonio degree 
aa a [iroteetion to titc iKtiler jilnti's jind tola’s agjiitist eormsiim, would Iinvu tliu nlTei't 
of auititresaing tlie eorroaivu JUiture of the writer. 

IVatv waters are also often eharaetiTisral hv the |ireaen<v of orgaiiie ro(n|Kmiida 
of iron anil of ferrous liienrhoniite and ]i|iris|iliate. In eiun|iiirisoti with the aniounta 
of diasoivcil niiiieral matter jiresent, howevi'r, the ijiiaiitily of orgatde inatti’r ia 
geiienilly small. If early o.vidation of I Ids hind of iiiijiilrity is elli’ili'il in the nenitud 
and porous siirhiee layers of the grouiiil. 



f'llAl’TKH VIII 

TIIK HKIIAVIOIJR OK IMIMIRITIKS IX WATERS 
USED FOR STEAM-RAISING 

Tiik (iI liiii'il (ir iiii'^iiiliililo Ixiilrr-fi'crl wafer may rofiult ia live different typea of 
l^iiler Iroiilili’: 

(Ij Till' Furniatidn nl mili'.i and incniatatiiins. 

{ 1 ) Tile pivtijiilation of sliid^iy (Icjxisits, 

(:i) The eiimisidii of Ixiiler |itideM. tiilieK and 
(I) Kveeosive Jiriiidn;; and allied tiiinliles. 

(a) Ai'fiiid iJieelianieal failure nf tlilies arul fdates, 

'I'o the.ss' iiiiisl he added the redueed hniler eliieieney ns ennsidered frmii the ]>oint 
of view Ilf fuel e(insuiii{iliiii}. The fi)lh)wiij{j fieure.s are estiiiiate.H of the perretitago 
losses ill heat triiiisiiiissiori Ihnnieh variinis t hiehriesses nf scale : - ■ 


'riurkticf*^ of 

ii'i'h. 
iiirli, 
,'„th inch. 
I inch. 

^ inch. 


I'i'r n'lil. 
Iirat loss, 

IJ ti) rj-a 
II'O 
l,j 
■20 

KXt til I'ltJ 


It has hi'eti slniwii that a Imiler jihite covered with half tin inch of scale has to be 
heaUsi to Tot) K. in order to iiiuiiitidn a water teinjieratiire of IJTiO” P„ thatr JH, to 
a tem|«'iatnrs' of Itil) K. in exeess of that whieh would obtain on a clean boiler plate. 
Viirlher. to thj.s wastage of fuel must be added the exiwuse incurred in the cleaning 
and re|utiiing of the boilers and the losses due to the frequent and excessive blowing 
down whir'll imjinre waters may occasion, Tlie cleaning of inulti tiibe boilers is 
a tlifficult and expensive matter, and if the use of unsuitable water is continued, 
the cleaning is riierely a palliative. It nine or may not prolong the life of the boiler, 
but it certainly dims not contribute very far towards an increased boiler efficiency. 

' 81 ) 
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The impuritiejj cotnmouly ocrurriug in raw boiler-feed water obtained from 
natural sources, way be roughly diwded into four grouiH: — 

(1) Scale-forming imptnitivs. 

(2) Sludge-forming impurities. 

(3) Cornwive impurities. 

(1) Scum-forming im)iiiritie.t [i.f., ihuse which ciulsc priiiiingi. 

The scale-forming impiiritic.s eiHisist ]>ri[icl;ia]lv of the carlniiiiile mid .oilpliafe of 
lime and the carbonate of magne.sia. Sliidge-foriiiiiig imjiiirities aiv n.sciall)' the 
Muspcjided iiialturs in the water, both jinirgmiic or niiiieral. and orgmiie. and also 
certain diasolced mineral constituents. Magticsiiim salts, iiiiiicral and organic acids 
(either origiinitly pre.sciil or pri)diiei||l in the boiler), grease and the dissolml 
atinosjilieric gases ciini|Misi- the I'orrosive const it lie tits, and the seuin forming 
inaterials inne also he of organic or mineritl clniMctcr. .such ns high concent nit ions 
sif solnhlc .soda salts. 

fn con.sidcring the behaviour of the ... iiii|airilics. ihc Inodciii liigh- 

pri-ssiirc liotlcr should be looked ii|siri as a huge autoclave in wlih li the comhined 
ctTect.sof tcin|icralure anil |jrcs.surc result in the ileci)iii|sisilio)i of and the |irodn<-tioii 
of iom|siimds. cillici dirediv or bv intci icaelion IicIhccii the iiii|iiMitics. which 
ivoiiid not occur mnlcr normal miiditioiis ur even in Ihc older tv|ii‘s of low |iressurc 
boilcis. The f'l'occssi's uliieh go on in a biiiler I'aiinot be observed, and lln-ir course 
has. in iiiaiiv t.iscs, lo be inlcneil. tlicicroic, Inmi tile results wlilcli arc iijipari'nl, 
for iiistiincc. wlicii till' boiliT is o|ii'iied up for c.vaniiiiatioii. cIcHiiijig or repairs. 

I'liilcr Isnfer cujiiblioiis. normallv stabb* .sails niav be di.'ssocjatcd or liccotiie 
involved in eoiii|ilc.\ si'ries of reactions, or tliejr soluliijilje.s may be sti niooified that, 
a highly .soltibic salt i.s folnid as a scale on o|s'jiing up the IboIi'I. Seales may some¬ 
times lie found to contain a sail winch is not Jiresciit ill the fci'd-waler and whieii 
itmsi have been protliived by I liter react ion in the Isiilcr. Allhongb I be lieliavioiir 

of the coii.stiliienls of raw Isiiler f.1 waters is often a iiiatfcr of eonjectlirc altil 

eonelitsive e.tfii’rimental evidence is lacking, yet inference anil ciri'umsluntial evidence 
are n.siiallv sutllcientlv sound and si rung that III tie nxim is jefl for ilonbl in the 
generally accepted ex|ihitiations. 

A tliotvmglilv svsteniatie trealmeul of the beliavionrs of the iniiividnal feed¬ 
water itnjiurities and the nmseiptetil li'oiibles which are (K’casioned in the various 
units of the sleam-rui.siiig plant is not I'nsy. Troubles manifeslei) in one |Kjrljon 
of the plant are often originated in another jsjrtion, and the harmful iiilinenec of a 
partieiilar impuritv iiiay not be rsoifiiied to one unit only, it is pro|sised, therefore, 
to examine the troubles wliii b are experienced in the ilifTen'nt units of tbe steam¬ 
raising plant, roinnu'iieing with the eeonomi.si-rs and taking in turn the boilers, 
super-heaters, and lurhinee. 

hXlOXO.MISKKS 

ISoth srale formation anil corrosion ran occur in econoiiiiser unit*. The oorrusion 
is due prinei]>ally to the di.ssolved gases, oxygr ii and rartjon dioxide, in the make-up, 
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or to fttii' acidify, (irgonic or Diiiicral, wliich may also be present. The presence of 
mIim will accelerate or catalyse the corrosion due to these gases, but this 
Mi ion shoiiM not be confused with tho corrosive effect of certain salts in the boiler 
am! otlicr titiiiH and which is due to their dissociation under boiler temperatures and 
pfcssurcH. Jti (he efonoiiiisers (lie teinpcrntures are not high enough to bring about 
tlu- liissomtiim oi these eortosive, salts in the make-up; and, itioreover, there can 
oicur no coticcnl ral ion til these, since the waUtr in any fwrticuJar portion of the 
fctmoiiim’r tufa’s is being eon.stiiiifJy ami wholly clianged, 

7’fie eoni/cnsate, whieh in luanv plants constitutes jiraclieally the whole of tho 
lH»ilef-fcefl, itiay also i‘i)iitairi oxygen iintl earbon dioxirle as well an other acids which 
have been generalcd in the Ijcjiler. ami in raises where tin: tiiukc-up is small, any 

corrosion of the econoniisiT tubes 
is (diiefiy atti'ibutalile to these 
constituents in the eomleiLsate. 
Steel eemioiiiiser tubes appear to 
suffer more, severely from cor¬ 
rosion tlian do eiist-iron tut>e.s, 
fri‘i|lieritlv pitting very baillv. 
7'lie I'LUMos'al of se.ah'-forriiihg 
iiialeiial fiotti t he jiiake-iip water 
may aggravate tills corrosion, 
siriee. with all its disadvanlage.s, 
a layer of .scale in (he lubes nil- 
dmdilediv aels as a pisiteelloii 
agaiusi I'onsision. Itt modern 
plants, wllels’ the hnilel-feed is 
almiisl pure condensate and tlie 
itiake-np lint a lew per eeiits., 
the water is jiraeliealiv free fiinn 
.sea le-forming iinpiiritie.s, and 
lietiee the (sirrosive gases liai'i' free ai'eess to the bare metal of tite economiser 
(nbies. 'Die pnilis’tive iiataie of a thill layer of scale is generally recognised, and 
the artificial }irodiietion of such has been suggesteil iui an e.spedient to os'errome 
the eorrosioii ot brass eondeii.ser lubes, ft is also intere.sting to note that east-irriri 
ecoiioniiser tubes have often beim fmmd to eorrodegrapbitieallv. 

Tho sealo de|Mssileil in eeo tin misers is usually a .simple earl innate scale, for here 
again the prevailing temperature, whilst snflicient to decomjsise the biearbfmutes 
of lime and magnesia and precipitate tlieiii as the iioniial carbonates, may not bo 
Huflieient, for instance, tti throw' efown sulphate of lime. The solubility of thi.s salt 
i.s K’dueed somewlmt. it is true, but unless an e.'ceessive quantity is present in the 
water, its pri'eipitatiim is unlikely. At Iff’ sulphate of lime is soluble to the. 
e.tfent of about I W grains per gallon and at llK)° C’. to the extent <if about lid grains 
jier gallon. It becomes dehydrated and insoluble at about llIT' (’. and nomially, 
therefon', is not pfeci[>itated until it roaches the boiler. It should not be inferred. 
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however, tliat tliis salt lU'Vcr tariirs in rcnnomiscr scalt': it will In' si'c-n later Itow’ 
its presetire may be eiisuttsl tlicreili. 

A oMisiderable ]irrf|xprliiin i>f I hi’ binirlsmiil es may be cienim|Niseil amt dejxisitisl 
in tlie e(tjm)niis«‘r tnln’s, and in eases where tin' iH na'iita^'e cif make ii)< is ln)!li and 
the make tij) water I«m 1. that is, iiii|iiire, tin* llila'.s may bisniiie all but ei>m]ilefely 
lilorked with a jxinnis earixitiiili’ seale. This stiite n( iilTnirs is well illiisivnii'il in 
fiy. 1,'t. This [lartii nlar seale was reiuiivis! rniiii a ihree-ineli is niKiiiiiseT tala', 
and hirtuiiulely iiiiike in sili'li a wav as in seel inn itself IdnyitiiditiaMv, The W ater 
eliaiinel uassii naneiu that it was kin'lv jsissihli' In intmdni e a lead |ii’liril iiitii it. 
The isitajaisiliitn nf the seale W'lvs as hillnws : 


f'uk'iinii carhiinale 

.t'aCtl, 

(jr) l I jier cent. 

I'arlsiiiale eimleiit 

Magnesium carhonale . 

. .MttCO, 

J7-(ll ., 

nii-tri per cent. 

Magnesia . 

. -MgO 



.'Miimina 

, .\ld). 

Ml ., 


Silica. 

Sit 1; 

I-SII 


I'Vrrie oxiili- 


ICJII 


Tarlsinaeeoiis iiialter 




I'lilori'h- 

. Cl 

ll-IIS ., 


Caleimii sulphate 

. 1 aSl), 

f):t7 


•Moist tire 

. IIJI 

(I-:;! 


I'iidi'leniiini'd 

. 

(1-17 „ 



It IS a li']aeal i-ai'hiniate si'ah'. e<mtaniiiiit hll-th jier eeiit, id rarlainale nf lime 
and ntaynesia. The jiresenee in il <if free niaanesia aijd eidenna snl|ihaie reiinires 
e\|ilan:iliiiii. Carliniiale seales are |siniiis and are. therefore, jiernieahh' In tlw 
water. Tin- tliiekness of this partieiilai seale is so tireal, however, that eoiisiderahle 
overheat 111)1 of the eeonotiiisei Inhes iinisl havi' taken jitaee. anil vonseiiiienlly the 
teia[]eratnre, o:i the wiiliT diaiiieteis of the seah', at any rate, niiist have heeii 
Mitlirieiillv hi)th to deei>ni|iiisi' the |>reei|iital<s! iiia;!ni‘sinm earlinimte into nnigiiesinni 
oxide, or liyilnixide, and I'lirlaili dioxidi' (a ileeoiii|Kisition wliii li inirriinlly does not 
oreiir until the water real ties the hoiler). and also to dehydrate ajid [ireeijiilnti; Roine 
snl|ihiite of liine. It niiiy also lie otiservisl tliat the feriie oxide eontent of the seale 
(il-'Jtt per rent.) iiidjeales that little or no aetiial (orrosion id the (illie lias orenired. 
Ill fuel, this nnanlitv rni)!lit readilv have lii'en introdnei'd in the make it]i itself. 
Till- [iroleetive aelion of tlie seale a<!aliLst the iiitlnenee of a hifrhiy rornisive water 
is well ilhislrails] hy this exainiite, the layer of seah- in direel. rontaet with the 
metal of I he tnlie heiiiK liiiketl to a hard and tniperiiieiihle skin, which is quite different 
in a|i|s‘nrancR and is readily detaehed from, the litilk of the de|XMit, thon);h there ia 
little difference in coinjxisition, cxcejil with n-j^ard to the inaqmnia content, which 
w confined to tlii.s hard layer. 

The carbon dioxide, lilHirated from the hicarhonaten durin^r the deposition of 
seale in the economisers, is carried forward by the water, together with any originally 
free dissolved earbon dioxide, and the dissolved oxygen which is given up by the 
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water ai* bubbles of gas under tbc influence of the increased temperature. The 
corroaive iiifluencen of thene gases are exhibited in the boilers, superheaters, and 
turbines, etc,, or portions of them may be trajipcd in bends in the economiser tubes, 
where, iiiiIeHs relief taps are fitted in anticipation of this, .severe local corrosion may 
l)e si!t up. 

Corrosion of the (external surfaces of econouiiser tub<r8 is not so frequently met 
with, but it has been found to occur in cases where bad design or inefficient operation 
has resulted in abnontially low ffuC'gtus tonperaturea. Under these conditions the 
Hul)>)iur dioxide an<l trioxidi^ ami carlxin dio.xide present in the flue gases set up 
cornMion cm thic tubes ciwing to tlu^ condeiisatioii of moisture wjiich also occurs on 
them. A hi'ayv cle[sisit of scale on tliic inside! of the tiilxcs may, by causing over¬ 
heating, lead to a rapid iliq.erioration by sitiij)li! burning. 

I)(!|s»cits from the flue gases, such us the acid siil]))inli! of soda, originating from 
the fuel, rail also cause very serious tsirrosioii of tlic external surfaces of the tubes. 
A de|s)sit of this salt is hygmsro)>ic, ami if, tliruiigli leakage, low tiunperature of 
the flue gasi*s or tlu! aeees.s of nuii.st. air timiugh iiis[x‘etioii ilooi's, etc., moisture 
comlnust'S on (lie lubes, then the energetic eorro.sive net ion of the aeid sulphate 
eoiumeiK’es. A eonsiilei'atloll of these jsissibilities may often e.sphiin the tiKaii.sed 
rhiiriieterof the eoriosion wliiueliy eertain of tlii‘tubes imlv are atTis teil, for exuiiiple, 
the eiMiIest tubes and tliose iieaivst to iiispirtion doors. Tubes uhieli are normally 
hot are not attacked bv this iliqxi.sjt. 

The foriiwitiouof I he aeid .sodium sulpliate is siqqiosed tooeeiir bv the eombination 
of an e.xeess of sulphur IrioNiile. piuduced fiom the siilpliiir present in tie- isiat, 
and oxide of soiliiim. whieh latter has resiilteii from the (le<'i>iii|M>silion of sodium 
suits, also pi'esiml in tlie coal, by the ilieanileseetil earlsin. The sodium oxide is 
volatile and is earrieil along by tlu' fornaee gases, together with the stilplmr trio.xide 
and eoudelLsed on t.he (Sioler siirraees as the aeid salt, Na^St t^.Sf 1^: 

(:n) NiU) j 2St>,| N,i2S()j,S(), 

The presenee of moisture ix'sults in the jiroduetion of tile hisiilpliute of soda, ami 
(his. being an aeid sidt, gives an aeid reaction in soliilion. 

(.ri) NaaSO„S<)3 IIJ) ilN'a.Il.SO, 

THU BDILKIt 

In most tiH'lmieut ptMcixwes which involve a seijuenct! of oiterntions, each pT- 
fornied by or carried out in a purtieiiliir luiit of the plant, then' is one unit which 
may lai regarded as the <<sseulia1, the others laiiiig mon’ or hiss reflneuiunts or additioas 
made with a view to inereiusisi elficieticy and economy. It is often the case that the 
iisseiitinl unit is the one willi whicli the greatest variety of trouhles is exp'rienced, 
and the tauler, ns the i*s,sentiai unit of the steam-misitig plant, is no exce[>fiori to 
this. Excluding those due to had design or manipulation and faulty tiialerial of 
construct ion, each TOrh'ty of trouble is duo solely to the impurities, solid or gaseous, 
contained in the feed-water. Kven the burning and mechanical failure of plates 
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aad tubea which is iwiistly nttribiued to (‘xtemul influence, xudi lu t!w Action of 
coiwtituentA of the fuel |ns (ii>scribc<l iti coiiuH-tion willi (>o(ui<»itiisi'r tubcii), ia nn 
iudircct or secondary *(fcct of the fcHsl-water iiu|iuritic‘s, Imhiih cauM'<l Ity cxcfwiivft 
DcrrliCAting resultinjt fmtii the i)e|X)sition of scale iiii the water side of the plates 
and tubes. Thics, if the overheatinj; i.s so promnmred that a de]ywit of autphatu of 
soda, wliich we will ikxsunie to liave be<‘ii formed on the fire side of thi- metal, is fusc'd, 
raj (id oxidation of the metal will (s’ciir and a seah'of Miagnelie o.vide will la‘ jinwiiieod. 
Holler eonditions neodt in the sealing away of this oxide tlmnijtli (reijiieiit alteniatious 
in tetii|s’ratiin' and consiMjiient eontraetion and exiuiiLsion of the iiieial. The 
oxidation then ri'rotiitiienees and a rapid weakening of the plate or tube is briuijtht 
alxiiit, and biiljjiiiji or " lioiiojnjt " ja the ri’siilt which pn’ewles eoinplele breakilown. 
In the iibsenee of water seale and tlie aei'oriijianvinn overhejiliii)/, llie dejsisit of 
sodium .siiljihate has little or no Imnnftil eflis t. since its fusion |siinl is alsuil ttdO to 
fXKt a Icmjieratiirc niiicli alsive that to which I he metal is iiorniallv raised. In 
tlie tiliseme of moisture this .salt is not eorrosice. Hence. allhoii),di this tvjic of 
failure* is Itciieralle ascribed to extei'iial mllnenci-s. il is ri'idle Iiro 0 )']it ubmil iiv the 
inijiiirities in the feed water. 

In addition to scale or sludge de[Hisition and nirrosmn. which arc tlm tw>i most 
serious ii-oubh'.s exjierimiced in the tioiler. then' are l)ie ciim|»aralivelv less serious 
ones, as ■■ priiiiiiit;,’' " fuamiti!;.'' or "111111)111110.'' the development of leaks, the 
defiirmatioii or buluiiif,' of ila‘ IuIm s ami the evil elfeeis ai eriiinj: fiorii llri' preseiiee 

of oil or (jrease in ilie I.. . The causes and naliire of the latter will non be 

exarmiierj Is'fore proeeediiie to the mopi‘ compli‘\ proldents of rorro.sion and seale- 
formatioii. 

I'ltiHifii/, I’rimiiie 01 loamiiie is diii' to tlu' preseiiee of certain impurities in 
tile lioib r water aiirl is partieiijailv 1 loiililesoiia' wlii’ii tile workiiiK eonditions an' 
.Mieh tlial sudden and lieavv di’iiiaials are made for-sliaiio. When jiri mi UK occurs, 
tint biihbles of steam, instead of biiisliiie when tliev reach I he surface of tlie water, 
remain unbroken and form a frotli or lather wliieh inav coinpleti'Iv fill lliest.eam 
.sjaice ami be earriisl alorijr tliroiiKh the steam jajies. It is essimftally a rsiniliiion 
of too free ebullition, and ma\' be jirodnccd in ses'cral xvays. 'J'hc jircsiuice in t.fie 
water iif colloidal nialter iir of .soaji or other orKallii’ material will cause the water to 
froth when iiKilutcd. anil file preselii e of iniieli (iiiely divided susjW'tiihsl iiialter 
results in tin over-rapid lilieiatioii of sleam hy jiniviiliiiK iiiiiiiiiierable nuclei for 
the (jcneralion of steam Imbblcs. With these influences present, a steady steariiiliK 
miiv often n'sull in a kind of eipiilihriiiin in which the froth or foam, altlioiiKh j>r<i- 
(lurdl, is not able (o acciinmlatc to the extent nis’i-s.sary for it (0 Kiiin iicccaa t.n the 
steam pipist. If a sudden and heavy demand for si eat n is made., however, the 
resilltil)K ilroji in jircssure in the Isiiler is aeeomjialihsl liy a ciinsiilcrably nrceleratcil 
rate of chill lit ion. and the friitli i.s tlieii carried forward throiiKh the st<«iii pi [sat. 

There is another. thiniKh liisa frequent, variety of jiriiriitiK, known as " buitipinj}," 
and. as may lie inferreil fnun thu term, il nders to cxjilosivc or interiiiittcnt boiiiiiK 
similar to that wliich (MTiirs, for instance, witeti the ioail is sttdilenly increased, as 
just described It is caused by a sH(i«rlieated eondition whiidi is attained by tlie 
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WHtcr, or in otijop tvonls, by rctiinli'il (‘iiiillition, Tlio phenomuna is iattiiliar in 
Ittlxtriiiory ijracticc; soinfions of faiistic soda and tjf suits, if sufficiently concen¬ 
trated, Imvc. wlu-n heated, a niarkwl tendeney tt) leiiiaiti tpiicscent and become 
siiperlieiited. anil llicn comnience to boil Or "blimp'' so suddenly and violently 
that the lar^e billdiles of sti'alo which are formed reach the surface with such velocity 
us to throw the tiijiiid out of the vessi'l. " Hiunpinjr" occurs in a boiler in a ]>re- 
cisety siniilar mimiier. 'I'he clfeet of a concent inf ed alkaline water or of a eoncen- 
I ruled salt so! lit ion, whereby a Him of erystulline salt may Im formed on the surface 
of the water, is to [irevent the unrestricti'd rormation and escape of steam, and the 
water may reniain *' .stnf/rmnt ' for a time. When siillicieiilly ,sujarrhea 1 cd, abnorni- 
ally iar^'e steam bilbhles are prodiieed, not only on the metal heatinf; siirfaees, but 
also simultaneously throitjihollt the mass of the li(|iii<i, and they I'seape so violently 
that they carry with them, not literely a spray of water, but ait actlliil bulk of the 
liipiid. 

It. is not iisiia! nowadays that a suflicietit, concentration of alkali or salt is |>ro- 
ililcisi in tile hollers to lead lo ]>rliiiiii|', nor is it likely eilher tliut the saline content 
of the tioiler water will ivacli a concent ration at whieh a crystalline film is formed 
on the surface of the water. An oily .senin has flic .saine effeet as I'ither of these 
coiidiliotis. hut here a|iain modern praetiee eonsiiiiTabty reduces I he |i(issibililii'.s of 
I he prifsetice of a siillieicney of oil lo ensure biimpiti;;. c are bein'; taken, for several 
reasons, to ensni'e that I he Isiiler-feed conlains as little oil or ureiuse as possible. 
I’rolurlily the dcve!o;inieiit of rojiniiii;; or bnni|>ini; inlo really sciion.s Iroiibics is 
chiefly conlincd to tliose hollers which drive enejne.s whieh work inicrmittenlly, 
such as W’iiiilino iiinl similar macliiticry, and to cii.ses of banks of boilers wliich contain 
one or more of a dllTerciit type and haviiie a much hielier licat ciipacily. A siiiidcii 
increase in load will cause tliese. latter lo prime. In these casts a i|nlti‘ moderate 
aiwl ordinarily nc^ti^iblc tendency on I he pari of the waler (o prime is aejfravaled 
by the sudden appliealioii of “peak" loads, whieh, causine a droji in pressure, 
results ill ail inslanlamsms superheat in;; of the water. Apart from the damage 
which might Ih' lailsed by water entering the engine cvlindei-s, perhafis the must 
serious .source of diingei whieh may arise ihinngh priming is the possible periodical 
and (cm|xirary emptying of certain of the luhcs in a water-tulie boiler, hi this 
event there would tie considerable risk of mechanieid failure ihroiigli overheating 
and burliiiiH. 

The commoni'r eaiises of prtmiiig and like irouhles in an up-to-date steam-raising 
plant are the sudden intmduetion into the iHiiter of linelv divided sus|Hmded matter 
or the sudden formation of tins kind of material in flic boiltT itself. Small ipiimtities 
of ru-spended matter are ptobably useful lit facilitating the free and uniform generation 
of steam bubbles, lurt larger ipinutities, particillarlv if of a light and lloceuleiit nature, 
liecume “ tint mueli of a good tiling " ami should be avoided. Maguestitm salts, 
when precipitated in a btiiler, often form a very light and tluceiilent degsisit, and 
this is one of the more frxspient ranacs of iiriitiing tioiibles. This particular de(K)sit 
occum wiien magnesium salts predominate, as. for instance, may hapfam when the 
imperfect control of a softeniug plant has resulted in the removal of the lime salts 
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but liss not I'fiicieiifly <!ealt with tlic iiiok' tlilficult rcmovikl or l•litlli tint ion of 
niagoeiiiuin sAlts. 

A badly rout rolled, softr-tlitlp [daitt may also Ix' rc'.sjxiiwibli' iit otlicr w a ve lor 
)>riiuing. If the ojaTutiou of the softener is irregular, the iMiiler water niay eoitlain 
|jeriiiHi)eRl lianfncs.'i, and r<in.sei[U 4 ’ntly, wlieti water <'otit<iining titi excess «if soda 
comes along from the softener, there will ls‘ a sudden |irwiiiitution of the )k'rniatieut 
hanlne.ss, whieli is eijliivalent to the introdnetion of iitliuiiierahle line [sirtieles. 
Priming therefore re.siilt.*. The reverse of diis. vu,, w iieji nnsofteneii water is allowed 
to enter a lioiler in whieli there is an excess of soda, lias llie saiiO' elfei I. Tlie iiineli- 
<tebat<sl ijiiestioii as to whether soJiniii earlsinate is in itself res|»iiisible for |)rilning 
ttiuy well be exjdaiiusf in this way, ns may aho the somewhat eommon asserthitt 
that the iiLstallation of a softening (daiit synchronises with the develojimcnt «d 
|iriining trsoibles. The fact that, wfibre sodium earlsmiiie has Is'eii blamed for 
priming, this occurs intiTiiiitteiitly. is strongly in favour of alwolving the soda (roni 
lihioie. and it is very jiroliable that, in tio’ majorilv of cases, the tioiilile ran Im 
oveieoine be paving pn)|aT altenfioii to the control of the softening plant. There 
is just one jxiinl. imweviT. whieli should not hi' overlooked in l oiito'etion with tho 
in.stallatioii of a softener to an alrciulv existing stiTiiu plant, in the hotlers fif which 
a .scale iiiav previonslv have hecn roniosl. 'J'hr Trealisj water lias a softening and 
loo.senirig idTecI on e.visieiit si'ale aini mav, in this wax', lead to the jirodio'tion of 
-sullli'ii'tit suspended matter to ih velop piiiiiiiig Iroiilile.s. 

Krotii t he foregoing. I he itinuis of ax'oiijing t liis class of Ixiilcr t I'oiihle are obvious t 
WjiiiM'-sofieiiing proi'e.s.s*<s sloodd be ij|s-i'j|tisi iiurfonule aiol should be designed to 
sleal etfectivele with inagtiesiom salts. If riti' riiake-ttji cimlains trim’ll susjh'iideri 
uiatti-r it may be neees.sary to tiller it. or. at any tali, to p soil to a jioiii'ions use of 
tlii* bhoV'otf I’oek. Tie' ppiper tioii- for iilowing riowji is during tliose irilei'viLla 
when flO'P’ is pracliiaJIc no deiijainl lor sleam. for llo'ji |)je scdijio'tit iois the liest 
^ui]iortiiuitv to si’ttle and is more conipjetelx’ remnS'eii in eonseipieiice vm the b|i>w-olT 
loek. When the boiler is iiiidci- loarl, till' siis|S'iiiled matter is fairly iiliifortnly 
rlistiibiiled ihniiighoul the liillk of 1 1n' water,and under 1 liese entirlilions a blow-down 
of mativ inches i.s inlinitclv less ellicieiit than a blow down of I’ven one iiieh during 
ipliescetil. periods. 

Other preeaufions against |iiimiiig im luili' the aeoidance of I'xeessive conri'iitru- 
tioii.s of saline material and of r'aiislie soda (here also the hiow-olf crick is u useful 
irLsIrunietil when properlv applied), and the I'.xcliision of oil or gP'ase, r'S}ira'iitl)y 
those varielii's which are sa|ainitlable and which can pKiiliiii' sou[i in the holler, 
either with alkali or alkaliiii'-earth lueial salts such as tliosi' rif Ijrio' ami magnesia, 
ft is scarcely nei'e.ssarv to taentiori llo^ jiwivisirin of ampli' steani sjaice in Lint lioiler. 

reoo/ifc.s (flic III fiV('«i.yi' or Oil. Iti comiaoti with the majority of lioilor Iruillilut, 
those duo to the pp'senre of oil or greasrt in tlir- feed-water have forced thcrnaelvca 
into prominence and have assuiiitsl a very serious character wiit.li the advent of 
high-]irpRsure boilers and iiiodern eirculatiou .systetiiK. Jn the enrlicr ilays, when 
the inake-n]! was 100 [x'r cent, raw water, thep' was hut little opportunity for oil 
to arcumnUte in the htiilers. hut w-itli the ]ipisiitit tendency to aim at a make-up 
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of »» nearly KK) per cent, comlensate aa posaible, many facilities are given for oil 
an<l greaae to gain acwwH to tlie boilers. The (iamaging e’flccta which oily feed-water 
may have on the Ixiilers is now so thoroitghly apjireeiatfid that insurance companies 
will not undertake the risk of insuring Ixnlers which operate on such water. Con- 
ilensisl steiDii, n:hf)i jiro/mli/ fmtlutl, is, of course, an ideal feed-water, both from 
the |s>int of view of iteikt conservation and of its freedrnn from scale-forming and 
ownisive, const it lie tit.s, but llie.se desirable ([iialities may 1« cmuplctcly off-set if 
its oil «s>iifi’iil is not removed. 

Tlie inlllienee of oil or grease is indicated primarily by a pronounced reduction 
in tlie evajsirative cllicieiicy of tbc Imilcrs, In conjunction with scale, the over¬ 
heating which the latter may indnee is coils idem hi y accent, iiated, and liuiging of 
the Jilates or 1nbe.s is caused. Sir ,A, J. Jfilrston, K.(.'.If. (late Plngiiieer-in-t'hief to 
tile ffritisli Navy), loiirid by actual e.vjs’riment tliut whilst the difference in tein- 
|s‘ratiiie bi’twiTii elean plates and the boiler-water wa.s W K.. the difference befivcen 
flic water and Jilat.es covered with a greasy dejiosit, l/)IJtli of an ineii thick, was 
J.'Mt' K., and tliat when this deposit of grea.se e.vteiidisl iiji the sides of the boiler, 
the temperature ditlerenee between the plates and the Water wiw 51J7 K. lie alyo 
staliw : 

“The results of <‘x peri merits showed that a thin eoating of grease dejKisited 
on the tube.s during the ship's trials eaiisisl a los.s in elficiency as heating 
surface, cumjsired to jaTfeetly elean tubes, of K to Ib jier cent., the mean 
of many e.\]s'rirnenfs giving II jier cent." 

(1. E, Strnmeyer, chief engineer to the Manchester Steam I'sers’ Association, 
slates also that- 

“ A liltn of grease, one-hundredth of an ineli thick, offers resistariee to the 
passage of heat i'<inal to a steel jilate ten inches thick. In other wokIs, 
grease offers one thoii.sand limes the resistance of steid to the ]ias.sage 
of heat." 

The reasons for this heat insulation are as vet sjs'eulative; one e.xjilanation is 
that the grease, by preventing actual contact between the water and the metal, 
restricts tlic transmission of heat to that bv radiathui mils'. .Another suggestion 
is that the heat causes the liliii of grease to rise off the jilatc.s in the form of blisters 
which are filled with oil vajsniT or witli siijierlieatial steam. 

AVIialover may he the aeliial reason, there is no doubt very small qiiantitie.s of 
greasi', eitfier alone or logetfier with seale, can give rise to bulging, and. further, if 
tliia oceurs near si'ains, to act ual leakage. AVhcii boilers am forced, as little as 0-1 jier 
cent, of grease in a scale may result in tlie ilevelopnicnt of these tnmbics, and since 
the smaller file amount of scale tile greater will be tlie proportion of grca.se in it. it 
aliuiild bi< n'memlii'rvd tfint the mther prevalent idea that a snialt qiwntity of gTca.se 
is of no signilieance if the water is soft is a niisapprt'henaion, and that under aucli 
conditions the risks of excessive overheating are incrcasetl. 

Scflfe omf t'orrasiVw, When the feed-water entere the boiler, the disaolved gaaes 
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together with the tree earbimie acid resultiug ftotii the dei-oi!i|iosilion<il the bicarboit- 
ates of lime and magneiiia, and the volatile «institueii(s or jirodncls from any organic 
matter which may be present, jjass away with the steam am) ari' largely, if not 
wholly, responsibli! for the corrosion which oeriirs in the si cam s|ia*'eB ami siifwr- 
heatm, etc. Tile dissolved solids in tile water, if jiermaiienlly soliihhv IxTome 
incn'ased in raneeiltration, and the bicarbouates of lime ami iiiagiicsia ami the 
sulphate of lime are precijiitatcd as scale or sludge. 

iSealea vary very ton side rahly in eom(Kisiiic)ii, hiil they arc gencrallv classed as 
earbunatv, sulphate, or silieati’ seales. iieeording to naltiis' of the predoinitmliiig 
Conslitueiit. The earlsiniites of lime and niagm.sia are priaipitateii inailllv as 
sludges, but in certain easi's luagnesium stides are formed and a eei'ijtii! jirojairtion 
of the enriaiimte of lime is usually thrown down in a form wliieh proiliiees scale. 
Sulgihate of lime is esseiitiallv a .stale-forming eoii.slit iieiil, ami such stales are usnalir 
well tharatteriseil. They generally contain more or less eah iiiiii eai lsmale and 
]nagne.simii tarlsmate or hvdrovide, ami the eementJUg profierly ol the sulphate 
<iften o'Hults in I he formaliou of a eo)n{H).siti' i jirhoiialc ami siilphale scale liy iiU'lilding 
the earhoiiate of lime alien the hiiler i.s being siiiiiiltancmisly piveipitaled. In ihe 
preseiire of sajiihle silica, lime and magnesia uiay pnaliiee a silicate scale, protiabfv 
the iiiiMt di’slrtletive .seiile which can oeeiir in a boiler. I'arbonate seales, whilst 
deeidedly dismivantageons. are the least dostrm live from the jsilnt of view of 
imthaiiieal failure of the metal on ivliieli they arc ile|sislli'd, Tlii'V are eonipara- 
lively )«MWis ami therefore allow the fioiler-wnter to permeate them, ami for this 
reason do not normally liidm e .sueli proiiouiieeil overheating of the plates and tiilKW 
as do the more eoiiijsiet seales. .Uso, they are less tlillieiilt to remove, and of tlie 
various wafer-treatments, that directed towards the eliioiiiation of the seide-forming 
hiearlsmates is the simplest. The following is the analysis of a typical earlsiliale 
scale removed fpiin a water -1 nhe Isiiler : 


Caleiiiin earlsitiate 

. 7li'l‘2 

Caleinm siilphale 

, S'(17 

hlagiiesiiiin earlionute 

. I'Td 

Magnesium hydrate . 

. Hl'7li 

f’errie n.vide .... 

. IdtU 

Water. 

. libl 


Kiilphate seales are hardi-r ami limn' I'oiiipwi, and ennse overhealrtig by restricting 
the transference of heat from tlm healing surfaces to the water. Tliey are strongly 
adherent to tin- metal and are csirres|Mimlingly dilHriilt to fcrniite. Hilicftte scales, 
consisting of .silicate of lime or magtiesta, or both, ani even worse titan tbe sulpbatsi 
scales, and it is these two tyiK's which are generally rwtjionsiblo for the excessive 
overheating which leads to the hiilfpng of the jilates and tubes and the fusing of, 
and consequent corrosion by, fiiniaec dejwsits on the fire side of the metal. 
Silicate scales arc, however, much less coiiinion than an* sulphate and earlsuiate 
scales. Tlipv mav arise either through imfirojier treatment of the, boiler feed- 
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wutur iir fnmi fcfid-watcrs which are natunilly alkaline and which can dissolve 
coiidiilcrsble quantities of silica, given the oj)portunity. , 

Magnesiiiiti earlionate is |>r<;ci[)itute<l from solution as such, but under boiler 
(amdilions it Ixtoitics converted into ttiagiuwiuin hydroxide, and free carbonic aci<l 
is cvoivwl. This hydrati; is very light and llocciilent and is one source of priming 
tisMihles. If priming occurs, it is carried into the atcain pi|K!S and su|>«rheaters, and 
may. in (:a.ses of persistent priming, partially block np the tubes and even the steam 
.sjsices in lire tiirliines. It may also becoriu^ ineluderl in scales (see above example), 
although it dims not itsidf form a scale unless the water is exeeptionally dense or 
eoncentrated with n-spect to magnesiuin or soilium salts, (lenerally, however, 
when niagm-sium liyilrate is present in large pnqrortions in a scak: it is cemented by 
sulphate of limi’, Tims, in cases where the feeii-water has been imperfectly softened, 
the more ilidiciiltly eiimitial'ed magnesiiitn earbonafe may he jirecipitated and 
com|)aeted into a scale with the resirliial hardness due to sulphate of lime. 

.^s ali'eudv slated, ealciiiiu stil|)!iate is esseiitially u scale-forming eomstituent. 
It is rarely found in sludge except in casi’S where its amount in the feed-water is 
ri^lativelv very soiFrll i'(m)[iar<sl with the quantities id lime and inagnesiirm carbonates. 
It i.s precipitated as the riFsnlt of its dehydiatioii. and is there/oic always found in 
boiler .seales as the anhydrous sulpimte of lime. 

t^aieium sulphate scales and magnesrtmi de|s)sits mav also be jirviduceil even 
when the feefi-w'ater oi'igiiially eonlitiiii'il tlu' limi' arid magne.siiim in |s’i'iiinnenlly 
soluble forms, l^iipposiiig. for e.oiiiiplc. the feed water contaiiis caiciiim nitrate 
and magnesium siilplud''. neitber of wliicli is. alone, piecipitateil by Isuliug their 
solutions; jiilei-ivai’lion will occur be I ween thi’iii in the boiler and lluu'e will be 
proiiiu-ed tire insoluble ealcium sulphate. wliicIi appears as .scale, and niagnesiiiin 
nitrate nhieli lemaiiLs in sulotion : 

f.,,.. <'a( N MgKO, Cai-O,- MgiNO,,), 
sciliilile sohllrle insoluble sohllrle 

Of. if the feel) eoiilaiils laleiiim earbonati' and magiiesiiim nitrate, a similar exrhange 
of u< id radicti's may take place and a portion at least ol ttu‘ magnesium will be 
deposited ns the eai’lsuiate. cir ultimatelv as the hyilm.xide. while a <ories[kiiiiiing 
quantity of lime will rmiiain in solution as the nitrate : 

''uCO, . -MgfNOjlj MgCO:, 1 ra(NO:,)j 

iiLsoliible .soluble in.soluble .solnlih' 

It will be seen that, in this way. a hard sriljihute of lime scale may is- formed in n 
boiler iwen though the feed-water contained the lime in a periiianentlv soluble 
form. In like manner, soluble magni'sium salts may bo ardecl ujxm to prrsluee a 
magnesiuin sliidgi>. 

'LTii.s type of reaction. in\-otviiig an exchange of acid radicles, i.s resjKiiLsiiile also 
for I he formation of .silicate scales. Normailv. silica is .soluble in water to the extent 
of about oiie-Kfth of a grain ))er gallon. If tlie water is alkaline from any cuasti, 
aither naturally occurring or tlirongh an excess of soda intnulneed in the softening 
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jjrocess, then is dissolved by it niiieli iimni n'ndily in tiie foriii <i( wKliuiii siiicite, 
and if lime and Jiiajftiesia are also jiifsent in the water, Jis miiy <icenr either in iw(«rally 
alkaltQR waters or in r>ses tht* ruiftemn;? poK-VM [mm iiu|nTfivfIy n'lintveii (heso 
constitiiHitf*. then the silicatus of lime an\\ rnR^'nfxiH will Ih> forriRMl in iliv lH>il<>r 
and he di>p<)»jtnl hi the form of m exirciMuly hiiril and siTiin^>ly ndhorrnt ;«'ah'. 
This kind of sunli' may ulsii rusnit froin alkalim- wjiirts whirh omtnin MUs|HTjth'd or 
colloidal claveV' matter. 

Otiu'r varieties of s<*aie, of /ess frerpu'ul oeenrreiiee, an* sodium ^^uljiliate and iron 
oxide scale.H. The former only oi*i'Ur. iif icnirse, ivlieii the iKiiler-waif*! is allowed hi 
hecome very corieentrated, the soinliilitv of this .salt hein^ pn'sinuahiv mmdi leiliieed 
by the pres 4 *nce of other .soluble vdts. it is therefore thrown out of .solutmn together 
with the other seale-formi?!^ eotistitmuils wiiieli jiie I'oiuiiiuoii.slv admittisl 

in the fi>ed or make-up. When aetnhl <oihfsion <if tlie boiler metal orrm>. the 
corrosion [irodiiets. instead id remuinin^ as a linise <le|Kisil or sludge, rniiv lieioiue 
itirorjKirated. for instame. in a sulphate of blue seale. in » hicli, hijwr vi r, the oxides 
id iron pjiMhiudnate, These .s<'a|es result from acid feed uattT or [roui I hi^ pioduetiim 
of iiiidifv ill the [aiilrr itself. Asa mat tei'of bid. verv h'W fioilt'i'seules luv eiihielv 
flee from o\i<les tif jriui. show rue sr^ije fornijittoii nud ei»r['o>irai l aii oeriirMiiiiil- 
taneo(i.s|v or tlint I'orrosjon ujav [uoen-d underneath a snde, If is ii.Mudlv found, 
however, that after it luis jiltjiiued a eerlain tliirkuess the scab' nmsls eoiriision 
and in this re.speet acts as a protiitiou to tlu' boiler pfjites and tidn's. and fi>r this 
reason llie o\iilrs id iron u.mujIIv ]oeidisi‘ii in t In' scide i;i a more I»r less n ij/'def[||i‘<i 
.stratum or jayer. 

M Iri'ii tf|o>i> t'oiotihii'iirs of |]ji- fer'd-ua 1 er ^vhicfi partieipate m the (oriiiatioii of 
Male are preeijutated, t hi-o- reiiaiin lU 1 lie water t he soluhli' salts, liof h t hose ivniniii^ 
oTjeiuallv,and throe uldeh iriav have breii prr«dnced bv inter ii‘iiction ialwceu two 
I'ofi.slitiiruts as previiJNslv ih>rrifiei!. As tin* I’cUeration of ste;im [noi.eeiis the 
rorireutrations (if tin* soinlde salts iiniiMse, These luav enrisi.st of sodiiim .salts, the 
nitrates and elilorides of liun' and magnesia and thi* siil|j]uite of luii^in'siii, jirni atiy 
lit even all of tliirse iiuiv o((iir in a Isd/ei feed-Water. PiveJiidrn^r for tin* moniehl 
tin* sodium salts, it is the presi nn- ami im reasiiie ( rmeeniration o| thi* soluble 
4 ‘»iistiluents wliirh is |ai);i*jv r»-s[iijnsib|e for the rapid rorro.sjun of tin* boiler piMti*s, 
trifles, and tittin^ts. jn their a!isi*nre. this eoirusiori eaij pnieeed by the uelnm of 
tbedUsrdved Loises. o.vve(*natni earliiWkdioxnh . in the fend-uatei, but if isrpn*stlomibk* 
a.s to whether thi*ai* pisis alone would ri-sult in .sm h scrioiis and riipid I'ormslon as 
tliat Hsini/ly atlrifniti‘<l to ihe.si* solnide sails. Tin* lorrosjon is olten so violent that 
Uiiler platt*s. etc., have been known to fail meeluimeally tliron|(}j an exi*e>isivc reduc¬ 
tion in t/ii<*km*ss iti a murli shorter titne than e.\[R'rienee woiihl indicate an likely to 
pvHult from the arthm of water and oxyi^eti alorn^ on^ven if iHr^eriuanfitieHofcurfvmh' 
arid were also present. Thi* fxaler is virlnully a <le^asser. and the dissolved itasea 
ill the fewi will Ih* rapidly e,xp<*/]ed liy chullitiotj and carric<I forward by the steam. 
Thus the coneentration of the dissolved in the Ixuler water niav be h^duced to 
ami maihtaiiiiHl at a very low hut their c<incentralion jji tlie steam rejuvsenU 

prartically the imixiirnim for each s|H*rific ea.'M*, and a* a result, the corrf)siv« iMfliiencct* 
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of thflw: gascH i» fell inoHt HftVorely in the suhfii!(inent units of the [jlant, the super¬ 
heaters, tiirhiiieM, ati<i tlie economisers to which the gases are returned in the con- 
densatir. Tlii'rt! tuny also be inclutlwl tht; Istilt^r steam spuctjs. Those portions of 
the boiler whit'll are it) cimtaet witli the. water arc situated, with respect to the rest 
of till: plant, where the content ration of the gases is lowtwt, and it would seem 
itii|>rohal>le that any exeeptionally violent corrosion occurring on them could be 
flue to dissolved gas alone. It inuy he mentioned in this connection, that cases of 
severe loealised eornssion have heeii attributed to the entrapping of these dissolved 
gaM's by angle irons and bends, etc., the n'ttiaimler of the boiler Inang in good 
rsiiiilitiiin. 

I )f the .soliiiile salts, tiiagiiesiiim ehloriile ha.s the worst re])iitartou from a corrosive 
(siiiit of view. It does not usually oeear in nalura] waters in likrge amounts, hut. 
iw will la* swii later, it tiiay Is: proiliieed in the boiler in considerable tjuantities. 
Kven wheti present in tlie feed in small ijUantities tinly, its concentration in the 
boiler is eotistaiillv inereasitig, and any earbonale of lime, which is usually also 
pre.sent, and which, whilst itl .soliit ion tenths somewhat to hold the corrosive pitj])erties 
of the Kiagnesium eliloride in dit'ek. is soon precipitated as sludge or seale. Under 
boiler coiid it ion.s of leiii]ieratiire and pressart: the niagnc.sium chloride is dissoeiated 
or deeom|si.s<'d. itl eontaet with the iron jihites and tuls's, into its coiLsiituents, the 
nett result heiiig the |)roiliielion of hydroeliloric acid and jiiagiii'sitim hydroxide : - 

(;W) .Mgt\ ! Ill 1^0 Mg(OH)i : 21l(‘l 

Till' tiydrcK'lilorie acid litierated ill (siiitaet with the inin immediately attacks the 
latter to proihiee fcrrmis eliloride : 

(ttO) tlMCI i hV Ket'l^ i 1!,^ 

whieli is tlieii aeteil ii|siii bv the niagnesimn hydroxide. ])rodiieed as in eiplatiiin (.’Itt). 
to yield lerroas oxide anil to regeiiertite the original ipiantity of niagnesium eliloride. 
\ corrosive cycle is thus estalilishcd : 

(111) KeCh. I Mg(OII)i hVfOH), I MgCi, 

The aiiiiiimt id this eorriwive salt is therefore not diiuinishecl ivs it exerts its destruc¬ 
tive action, but as more and iiiori' feed-water is introduced and evajmiated its con¬ 
cent rat ion iiicmases. h'or all jiriKdical pur|S)stw the mngne.sium chloride may be 
looked utsiH ns a eafalyst which ais’clerates the reaction; - 

(11) Ke I :!ll,0 - Ke(Oil)j r », 

The greater its couceatration, tlie more rapid is the result ant corrosion, and a point- 
may Is' reached at which its dissociation is so rapid that a portion of the hydro¬ 
chloric acid thereby )>rt)iluceil is earritsl away by the steam and supplements the 
eorrosive temleneies of the tiormally jiresent constituents of the steam, gaseotw 
oxygei), anil carbon dioxide. 

It will he seen that corrosion can oernr in this way without the help of any free 
dissolved oxygen, anil probably the ehief funetion oi this gas in such cases is to 
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completo thi* oxidutiun of tlic metd roinitipm'cii fty iIh' tNifowivo »«!(, hy oxiilwiiin 
the hiack feirotLs oxide t« ferric oxide or r>i<t. lo doiiijf tliw it will iilidmiUKxIly 
have an uceeieratinj} efiect on th<' rate ol oimKiioti. The ferric oxidi^ in the iinweiire 
of water is reduced by the niiderlyinc nietsllic iron to ferrous oxide and a .woiid 
8Uj)]>leiticntnry corrosive cycle is thus estuhlislnsl: 

H.,) («) IKclDll); ■ diljt) ; tlj IFciOll), 

' '' {<-) IKe(tlll)', ■ 2Ke liFe((HI|.j 

IneijiiHtioti (ttil) it will be iiotixl that hvdroften is lilvrated. ThcembrillliujiMctiou 
of this )!as on metal in which it is occluded is jtciieridiv well known, mid this fnclor 
very ]>ttd>ab]y contributes towards the cxjihiiuiiion of the |irciiiutiire iins'liiinicHl 
fiiilnre of the metal. 

{'alcitini chloride ladiaves in a .shnilar inminiT to mayiii'siiini ehloride. It is ait 
iinuxua! constituent of natural waters, but may 1 h‘ fonncii in the Imilci it the water 
isiiitains calcium carlainate ami majtnesiiim chloride. This is nuwt likely to iwnir 
in marine sets when by .some misehanee .sea water llmis its way into the etleuhition 
■sv.stern. 

Maitnesiiliit chloride may also lie formed by iiiter-reaelions in the hoiter. Xatiiral 
ualers invarialdy contain sodimn chloride, ami if maonesinm sul|diii1e is ]U'e.s<‘iit in 
ailililioli. the water virtually eontains an eipiivalent amoiiiit of magnesium chloride, 
ami should tlleridore be refianled as eiplallv corrosive. The itiajrmsiiiim sulpiiafe 
itself i.s corrosive, tliOII);h less vinoroiisly so tliali the chloride. On the other Inuxl. 
the analogous case of a water isinfainint; ealeium sid|j!iate and siidiiirn chhmdo 
catiuot be hiokeil Ujion ns a caieiiim eliloriife, and iheridore corrosii e. wati’r, since, 
unlike niuKtie.sinm sulphate, the caleiiim .siil{ilja1e bissimiis jn.soliible and is |iri'- 
ripilated as seitle. For tlie same o-iuson I he corrosivity of a water rsintaimUK t li« 
solnbli- I'ldciuni chloride may be ileslroyed jf .sodium sii)|ihale is |)n‘.s('iif. also, the 
calcium chloride beinj^ in this ease |ir»‘eijiituled as thoiiKh it oiriirrHl orijjmally as 
the siilpiiatte An ciptivahuit amount of the .sodium Hnl|ihate is. of isiurse, replticed 
by sodium ehloride. 

The nitrates of lime and mujtne.sium act ixirnisively in a similar manner to the 
chloridtis, the cycle bcirif; ri‘])r»‘senlcd as follows : 

(a) (,'a(X(V,i : :JH/) ^ ('u(f)H), i 21IM), 

(FI) (h) 2HN(), ; Ke KefXOJ, f lij 

(cK'afttH), ; Ke(X(),), ■ Fe(()H), M'lifNt),), 

Further reactions occur, bow’evtu, due to the oxir]isiti|^ rharacter of the alkaline* 
earth nitrates which o.xiilise the fi'rroiis hyilro.xiile, [uodneed ueisirlitift to er|iiation 
f4;t) (c), to rust projier, the nitrate itself bcin )5 nsfitixitl at the suiiiu time to nitrite;— 

(44) 4Fe((>H), I CalNO,), j 211,1) - iPefDII), c (;a(S(>,), 

A portion of the nitrate is also reduced to nitrite hy the iiydro^en litairatral in 
equation (411) (h). Unlike the chlorides, theixdure, the nitrates siilTet a diminution 
in quantity by these rcaetions, and it is thought by sotne authorities that the above 
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[pripCiTil p'vt-ti fnrtlic‘r until the final [ipodiictip from calcium nitrate are 
cali’ipipu liv’<lrpp.xi<i<‘ pidcI atntiioiiia. 

It i.s a cnipptppipn pmctice f(j (ipst Innier WPtter at frcijUtpat iiitpy-vals for alkalinity, 
a [ptpuitivp' h'.spilt lp<'itm cipn.MirlpTP'pl as intlieatitia a .satisffict(pry ctpndition ipf tiie water, 
wince a >tli('lpllv pilkiililpp' water iw rpp>,oirp|p'(i pis unti-ippprripsive. In tlpc oapte of a water 
ripntpiiniiPKcalP'iiiiii piitrpitP', tlnp frep' littpp; litppTPiteii pis sip own alwpve ituiy be rasjxinsifile 
fppr PI |s>silisp’ rp'pictippti Is'itijf ppbtpfiipp't) (pntestiipfp fppr iplkpilinitv, and tlpe boiler attend- 
piiits pppiiy Ipc dpM’P'ivp'tl as tp) I be triip’ state ppf piifairs in tbe Isdlppr. Tlpe ((ipantity of 
fp-cp* li/ppp' jppTP’sspip v Ipp answpT tcp tlppp pilkptlinity t<“st is insuflieient tp) counteract tlie 
(•olTP^siv^• tpoirleneies of lliip water, Maxni'sippppp nitrptfpp, on tbe pptlier hand, is les.s 
likp'lv |o Ip'pipI Ipp this kilpd ppf dp'ep'[ilP0N, siijp p' (he ipipt^iiP'siu jprppdiiced i.s Ip'ss spdipbb' 
tippitp iIpp' Ijpppp’ puppI Ippis llp(‘p'p'fpppv pp Ip’.ss jprpjpippimp’pppi ppIIp'p t pph tile iip<licut<pr iLscd in 
Ip'stinj;. \Vhp‘Pi tp'sts fpir pplkpiliiiitv arp' eaPTipsI ppiit pls a rppntippe |pippp'ppp|iire, ste|ps.shppubl 
alsfP !«■ lakp’PP Ipp pppppke p’ertairp IIpppI iIpp' pilkalpppitv is pIppp' (pp spppIpp pipppI tpot tpp ihpie. 
Mpppssiver, PIS will Ipp- .sp'p’Pi hitp'P', tliP’ .spppIpi alkaliipity sIpppppIpI |jpvferalply Ipp* capi.stip' 
I'Pil her tipppll p'peiIppppppite. If, Ipppwp'Ver. pi <'(ippp|iIp'Ip' pupplIvsIs ppf the W'pilp>r .sIpppw.s Ihpit 
siilipblp' caleippiip spills piri' alpsepit ppiid arP' PpppI liki'ly Ipp be [pripplppeisj in (be Ipppih'P', then 
PL lipipp' pilkpilppijly is. ppf psippp‘.sp‘, spitisfpip'tpip-v. 

t n Ipp'r PSPi'i'tp.sivp* splits wIipp'Ip Tripiv ^piin plcc'p'ss (pp iIip* liPiilei'S pli'p' the spp||ihpptp^s of 
ir'Pli Piti'i ppliippiipiipiipp aiipl piiP'PLsi<pippp|ly nipupjtpippp'.se. When iisiii i.s jiresiapt in ap)>re- 
p'lpphle i|iiptPptilv it usually ps'eni-s pps fp'iriiiis spiljplpppie. T)pp‘ iKprppipiI trpips-s ppf pippip 
PIPS' I'ithi'r ipp tliP' fpprppp ppf ri’ipspip.s cpviiie pir Ipip pLrlxpippilp'. tlpppiieh t)pp' pietipal p'xi.slp'Piee p.f 
the Ipttlp r Is <‘.xl pepppp'ly |irpp|p|p'pp|pilic h'cppspip.s snl|p|ppLtp'. llioppeli spp|ppbli‘. is jii'e 
p'p|>itpitpsl PIS bppsie p-pLP'bppippLip* ppp' .sppf|iip]Ltp' opp p-\]i(p.sppp-i> tpp tlppp jpip' pupd, as pp p'l-spplt ipf 
this, liw' ivppli'r ppipplpippipppe pi beeiiippp'.s dep‘i<ti'p|ly ppeiil. This [ip'i'ei|)ilpition piiipI 

devppl<pjppppeppl ppf pti'iilit v will pipptppiiplly }pispp' .I iiitire ipp|)idlv in I hi' boilp-is anil the 

|ii'P'<'ijiitPi|p‘il irpipp may (m ill a sliiilj;e ppr bee cpiiie iiieni’isiraleil m a .seide whilst the fris' 
mill "nets pus nspipil." .sliiliiliale of alimiiiiiiiiii. whieli mav iip-ieinali' riiiin the 
itllimiPio teilie iim'iI in ssiltepiin^ |ilants <ir fispiii soiiii' iillii r emitanpinatiiiii. hi'liavi'S 
siiiiilai'ly to feiTiiips siil|ihati', |ireeijii(aliiio livilriiti’il alilinilpii anil libi'i'atinpt fis'p> 
snl]phiirip' ai'iil. It is thi'refori' I'Piipaile as objipetLonable as iron salts aiiil there tippps' 
also bp' iipp'Iniled in this p-ah'eiprL' all aipiiiponiimi salts, whieh plissipi'iate iritip tbi' fis-e 
ttcids aiiii aniniimia, the latter bp‘inK eariiisl awny in tin' stp-am as a voiatili- isiii 
pititiielil. II (present in any p|naliljly. aninioiiiuin salts are |pi'aetii’allv p‘i[iiivpilent to 
a pfirist |Hp||nliipn cpf the water with iieiii indii.s]rial I'tiliients. The elTis'l of .spilpbate 
of iiiiini’aiii'se is pppie tthip li is ditlienit to p'stliiiati': it nsnallv nei'urs tooefher with 
iron and alnnilniniii, anil its indiviiliipd inllni'nee Is eonsei|iientlv masked, or okseUM'd. 

SLaliiini salts aiv iilwnys ju'i'sp jpt in nalnral waters, tlenerally tliev ari’ reftarili-d 
as ii lime UP ms, Thi’y' do not Inini seale unless, as alri-pidv inilienteii. thi'ir (•oneetit ra¬ 
tion is alloweil lo (smsiilerabiy exi'epppl the limits wliii’U are enni[iatible with intclli;;ent 
boiler ]irai'li(sp, and they ari; not iisiinily ri'ftariled as corrosive. T(;e cliloriiie. it is 
trup', iiiiiv be consiilpprpsl to be jxitetitially corrosive wlieii salts of inajjnesia are also 
present. The chief inten’.st in sodiiim salts is rentn'd alxiiit the oarlainate, which, 
il present in ipiantity, eiiiisi's tin' I’orrosion of the iKPU-fpprtons boiler fittinffi. Its 
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bch&\iour iindtr bujl(*r (.'iitKlitiuiis rtTi^iitly I'onsidrridilr tlw 

fitsf aiitliority to ilravi- public luiticc l(> this bcitijr J'hiiI. wIhj, in his Ihm)!.- <m Ihnh'r 
Vhemistry and frcd>H<iter Siipfilieit. ilccoti's u cotupicti' <'ha|ilcr t(i its <tcluilcd con¬ 
sideration. Sodium carlmiiatc iiniicrjjiics <lcn)iii|ii>sitiiiii in the linitci. ]ihiducio){ 
caustic soda. I'liiil, however, ^ives very stroiij; eeideiire in siipjHirt of liis theory 
that tliis cleco]ii|xisition is nrit a sitikjde eanstieiskilion whiidi woulil he aersnujiiinhsl 
by an evolution of carbon dio.vide. Instead it is ineojui'itniisl liv an < voiuli<iii of 
oxy^ett, Its is indicated Ity thi* aiiatyses of ilu- eotideitsales from lioiler.s evajMJratintt 
fiodiuni carbonate waters. 'Hiese .show that whilst the oxypai eonteiit u|i|iroaelics 
the value re[ireseiitil|o saturation. tlu‘ caiUiii dioxide i imleut is riirelv iu e.xreaa of 
that which eau be aecoiiiiled for by the atiiiospherie earliou iliu.viife dissolved in 
the ttiuke-iip or that arising; from the dicouiiKisition cif ihi'seali‘ forniitit; bienr)M>uate.s. 
I'aill slates: 

“ Four faets re(|uire to he carefully iircted, 

( 1 ) Tile destriielioij. jiarlial or total, of the sodiiuci eicilsiuate. 
fj) The djsapiieaniiiee, partial or total, of the raihoti diicxide. (Fricui 
the eau.stiei.salion of the sodium eai'lsiicjite,) 

{d) The ap;cearalu’i‘ of eaaslie soda in the hnilm' water. 

(f) The'consternt prc'scuce of oxvpr<i] jn sullieiejil i[Uaictrt v t*> keep 11 n* 
crciLihaisc'd watc'r nrscrlv or ipcrte sictiirated aiccl also to I'.stacpic with 
the j{ases fnclii the air Jimup." 

And continues : 

“ Till' [Uesems' of free o.vy);i'ii may he ikserihi r! tir the uiaki' Up water whieh 
is often iptite sat iiiated with tins ;o’'S. I»‘t, as ill iiiaiiv < uses llie niiike up 
i.s only d ]s'r eelit. of tlie I'oiicleiisate |ur total feed), and the eoiideUKale 
is alwavs iiearly or c|uiti' salurafed, and in ailditioii there is always an 
escape of air or (;as eoiilaiiiiiijt ii.xyn’eri, it appears more than pnibalilR 
that n.xvj'eii i.s a result of flic illsiiiti'ttralion of fhe sodium earhounic. 
The appearatlci' of uxvnO'ii taken jii coiiju tic lion with the disap|s'urutK'c 
of carlsin dio.xi<Ie and at the same time the format inti of eatistic sisia, 
would ]s)iut to a re(;roiijiiuj{ of the eatlion atirj nxyp'ii atoms.*’ 

Ifv hroadmindcilly lookiiin’ beyond the sleieotyped I'lassifieation of smlittru 
carbonate as a uiiiieral salt and rej^ardiuj' it as an orttaiiic salt or earlsm conipouiul, 
1 ‘aul has bi'i'ti iihle to advance a very rt'iisonahle and aece)i 1 able ('.vplaliation as to 
the Ix'liaviour of soeliiiin carbonate in modern liiKh-])n'ssnre boilers. 

The first sf«(;i- in the ileeom|«isition of sodium earlailiate is siijtKeslis! to ilivolvt; 
the formation nf smJium fortuate and eanslic srala : 

(Ju) 2 N’a,a^a * ylf-f’flON'a i tiXaOfI : 

The proillietion of cau.stic sotia and of oxygen and tin- t)on-|>rodtjctii)ii of carhon 
dioxide i.s in thi.s way explained, and t he sUf)[sisi1ion is substanliuled by careful and 
original investigational work carrietl mit liy J'aul. Very conviticing evidance is 
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(ilTcnid witli n-punl tt) the nt^tual fiirniation of soiiiuni forrqate and also of other 
organic bodies in Isiiler waters which arc concentrated in respect to sodium 
carbonate. 

A carbonate water will not d<'coloris(! solutions of |iernianganatc of potash, nor 
jjivc (switive results in tests designed to intlieate tlie presence of organic compounds, 
.such as sugars, for in.stuiicc. Aftr^r fO’a|S)i'ation in a Isiiler, however, such water 
invariably uaswc;rs to tlic.se tests. Ily rcfi'rriiig back to tlie account of Paul's theory 
of the action of excess of carboti rlioxidc or eaibonie acid on iron, a close analogy 
with the nmttcr now being cmwiilcnsl will be found, organic proflucts being formed 
in eiirh case. Kx]Siritill-ills I'arried out liy the author a few yean ago, but which 
had. unfortunati'ly. to be discontinuisl, also showwl that if carbon dioxide is allowed 
to act in excess on pure iron siispiuidts! in jiiire water and e.xcitided from contact 
with the atiiios|i)icrc, tlie water after a time aiwwensl to all the eoninioii tests for 
the presi'lice of organic eonifsiiinds. Kurt her. the piroduet.s of the attack on the 
iron riiiitained a eoiLsidi'ralile |)ro|iorti(in of ferric oxide, indicating that some oxygen 
hud been as'uihililc to oxidise the tirst-fiiruwsl ferrous oxide. The only possible 
sniims Ilf this oxygen were the water or the earhoti dioxide, and ns water alone, in 
the alweiiee of o.xygeii, will not oxidise ferrous o.vide, the only jxissihle eonclilsion 
was that the o.xygiui niiwt have lieen .siipiilied from the carbon dioxide. If this is 
the case tlicii the eiirlsinic acid must have iieeii deeoinposed in a iiiiiiiiier similar to 
that suggestis| by I'aiil. On carefully eliminating the dissolved ferrous iron from 
flin wider in w'liii h file metal had isen snspeiuled, and then concentnding this water 
a syrupy solution was iiiliniately ohtaiiieil. 

('onliniung with the deeoiii)s>.silion of .sodium earlKiiude, Paul's inve.sligutions 
iiiilicaled that this did not sto]> with the [iroduction of sodium formate, but that 
other relictions were iudueed. Pirst there i.s the prolHible formation of soiliuni 
acetate (non the formate : 

(Hi) ‘JIbCOONa I ILO CH^'COONa | NaOH ! 

lien’, again, tliere oreiits a lilsTiilioii of free oxygen, and eaiistie soda is also pro- 
diirisf. The next prolNiblc reaction i.s that which ri'.snlt.s in the pniductioii of 
licetaldelivde and the regeneration of sodium earlxiiiate from the pnnincts of the 
first two reaetions : 

(17) (’llad'OOXa I lld'OUNa Ka/'O, | 

The tteetaidehvde, altlioiigh viiliilile, ri'iidily isilynierises or condcnties into Iwitlic's 
of a sugary character, tuirf ieiilorlv in the pn'senee of r’lmslie soda, which latter may 
also mirf with the I'ariniis products to form, for instance, acetone and tactic acid. 
It is fairly eoiitmiin knowlislge ttiat many boiler waters will giro positive results 
when tested for the presence of sugars, and this somewhat mysterious fact may 
well }k< explained on the nliovc lines. 

This liehavioiiT of sodium curlionnte, when allowed to coneentrate in high-pressure 
boilers, is therefore a coiiiplirated problem and, in addition to the fact that the non- 
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ferrous boiler fittings sre severely sttuckerl, (■oiisiiivruble Rignifieaiiee mtai'lies In tile 
evolution of oxygen during the deeompositions tindergime liy (liis suit. The efferts 
of oxygen as a gasemts impurity in boiler feed-watera is lieeoiiiing tiioh- itml more 
universally appreciated, )>artirulurly with regnrl to the ('nrnisioii of the eemiomisers, 
sujwtheaters, and turbines. 


THK .sn'KltlIK,VTK|{ 

The function of the s\i]S'rlieiiter is first <if nil to dry the stesm mid, seeoinily, of 
fourse, to increase its teniistrature. In the ea.se of a 1 h filer working iit alsuit 'JtKI III, 
jier sipiare inch pressure, the lem]S“riitiire of the dried mid sii]ieihejitisi steam is 
ttsliallv well above .'jdtt' F. \ormally, therefore, (he sll|)erheiiler I lilies heeoiiie 
eoaletl with a skin of bhiek or iiiagnetie oxide of iron, FepO^, This eoaiitig is firioty 
adherent to the metal and after a time beeoiiies siMliiieiitlv tliiek lo ]iroteet the 
tubes from further attaek by the dry steam, 

,\ctua1 corrosion of superheater lubes Is eailsed bv the iinptirilli's III the stemo. 
either gastmms (oxygen), volatile aeids or material earrieii over from the Isiiler hv 
priniiiig, Siieh (Sirnisloii, however, is lonfilied lo the wet or Inlet ends of the lubes 
and the inlet header. That is to say. it I’eases when the steam beeonies dry. hi 
the absence of ]irimillg. tbe di.ssidved gases in the IsiilerTeed. together with those 
evolved in the Isfiler from saline inijml ilies, are resjinlisible for the torrosioii in thi-se 
imils whieli is often exeepiiunallv si’Vere IIvdroclilofie aeiil. pnuhieed in tile 
boiler fnitn the dis.siieiatii>n of magnesium ehloride. ifither aefilal or potential, is a 
faetor whieli will ini luce verv rapid eornision and Is friipieiit !y iiidiiated by tlie 
pre.seiiee of chloride in the corrosion prodliets, logellier with the absenee of iiii'lals 
other than iron, showing that the chloride iiiiisl have been carried over ill a volatile 
or ga.seoiis condition and not in soluUoii as by priniing. 

When priming <icciir.s. aiiv slinlge present in suspension in tile Imiler water is 
de)S)sited in the sii jut heater tubes, allii under exceptioimliy l»id isnidiliiilis may 
even urctmiiilate to siieb an e.xtetil as to all but choke t hem. In addition, t lie soluble 
constituents of the Wiler water are also de|K>.siled. so that then' Is left a mass repno 
.setltiifive of all the susjK’iided and dissolved impurities in the Isiiler waler. The 
Is'hHviour of these in the superheater liave. thendore. to Is' eon.sidered. 

The car Is mates of lime and magne.siiim are deeom|sisi'd by tbe su[s‘rliejiter 
letn]s>riittires, losing carlsm dioxhie and la'coming triiiisfonni'd iiilo tree lime and 
free magnesia (not. of coiirKe, the livdrated oxides but the iiiiliviiMUS oxides), sotnc 
of wlitch may lie carriisi forward, ill llie form of a fine dust, by the rush of steam, 
to lie (itiallv trapjied or ilejsiaited in some sulweijuent unit ; for instanee, (he turbine. 
The rapid evaporation of the wafer, when )irinied over info the stiperhealer, results 
in the deisrsilion of the soluble eonstif iieiits in a fine dust also, and tlii'ae accoitipany 
the lime and magnesia in the steam eurrent and an; finally deposited with them. 
The following analysis of thi> emrosion pniducts from superheater lubes illiistrafes 
the occurrence of free lime and magnesia and of other constituents of the boiler 
water. JViuiing has itccuired, but not to a s<?rious extent; 
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OthiT milt.'*. .HiK’li fiK tilt' iiitriiti'.s, (lmiiii[)itsi' in the tnipci’licalcr, (iriHiucinf! thn 
iii'iii iiiiliytlriilt'M lynl the ttiiliytlriniN (i.xitlcji of thn niL-talw. Ma^tiv»iuiii 
iiitratr in tlin JiniliT ilissue iittfH inti) liyciruttsi ’imfjni'siii tiiid iiitiic Hciil (ski* equation 
l.'tj hut in the siqii'i’hi'iiter tlie nciti exists ns N^D.^aml the niiij'iicsia as M(;0. >So Innit 
ns the stentii is wet, the iieiil iiiihyilritles will he |in'seiit ilissolveil in the moisture 
iiiiij heliave ns the Heiil |ir(i|s'r, eiiiisili;; eiiiTiisiiiii. hut when the steam is tlrietl anti 
moist lire, as a h'sult, ahseiit, they are iniiiKiioiis. Kor tills reason the wet eliths of 
the sutH'i'lieuters are attiiekeil whilst the tiilies further on esea|ie. Tlie ellect of f)ie,se 
aeiil nnhvilriih-s on the isiirosive ))ro[ieities of the steam if the latter beeomes wet 
requires no further eomuient. 


TilK TUUHINK 

if corrosion oreiirs in the tiirliiue it is iiiialojjoii.s in eliariieter to that whieh takes 
(ilare in the ,su|ieiheii1er.s. It is iliie |uiiuarily to ilissolved oxyfteu oripiiatiiin from 
the hoiler-leed iiiul senmilarily to any volatile aiiilifv which may he [reaerated in 
the killer. Kart her, as In the sii|srhi'Utei's, the coi'isision which occurs diiri));' 
running js-riods, am) which is UHUallv aiorc violent than that which may take [ilace 
durin|{ .sliut-down ]s'iiods, is colililieil to those stages of the machine in whieh the 
steam is wet, and may he aeeeierateil hv tin' de|siHitioii of salts carried over from 
the laalers, via tlie siqierlii'iiters, hy |iritaiiif:. The followiiij; is an exam|ili' of an 
I'.xeejitionallv heavy ih'|K<sit whieh was found adhering to tin' hlades of a tarhine, 
in qaaatilics whieh serioasly restricted the steam I’aasa^es : ' 
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Thi* deposit appeared on a }iasty ttniss eenieiited l)y tlic oil, and suggests tliat 
considerable priming has occiirri'd. in the boilers. In tliis (mrtkidnr case, little or 
no corrosion of the blatliug Inwi taken place, but this is e.\j>liiiiied by the (iroseiice of 
a large preentnge of alkali carbonate und of oil, es|H'ciallj’ iw the presence of chloride 
Ji-ssista corrosion. IVhen corrusion pure and simple occurs, the jiroducl.s are composed 
of ferrous and ferric o.tides, but it is .seldom that clilorides, even tbougli in very 
small traces*, are absent, and the catidytic elTwt of these on the wet o\jihilioii of 
ferrous material is generally well known. Tin- following is a typical analysis of tlte 
coriosion jmidiicts from the blailes of a turbine in which corrosion Inus Iseii due 
eiitiri'ly t<* <*xygen in the steam : - 

Ferric oxide.Hb^ l [st l eiit. 

h’erroiLs o.xide Itt-I.'i 

tisilica.(btlj ,, 

tsulphate.(i-lo 

i’hospliate.I|. 17 

(,'llloride.Hare 

The disjsisiliiin of the <'oiTosioti which niav occiii in tiirlmies during running 
periods is of intenst. It is iiivaiialilv roiiiii! that the blades on the high pivssiire 
slagX’.s of machines fnl with supeilnsitecl Stisnii ar<‘ (piile free fisim corrasion (ml. 
are eovered with an adlii'rein lavi'i of lilack inagiietic oxide. The tiimiher of stages 
so affected c«iix's]sinds with that jsirtion oftlie mailiine in which the si eiliii is super¬ 
heated am] ciry. As .soon as the steam loses its .snjsTheat and becomes wet. corrosion 
may commence and hence niiiy make its ap]ieariiiice somewhat abruptly on a par¬ 
ticular and well-di'tined Ktagl^ Kolloning cut this tlic ne.xl two or thrr e slages suffer 
the nio.st. .severelv, hut then, as the low-pre.ssuri’ end of the lurl)inc is apjrniaelied, 
the violence of the attac k, as evidemcd by tile- condilion of the iilades, hcH-omes 
more and more reciuccd. anil it is not uneoinmoii to lijid the blades on the last stage 
in almost as good condition as the magnetic o.xide-coalcil blades on the liigll-pressiirc; 
stage's. 

Koiiglily s(M‘aking, then, it is I he niichlle stages of the Itirliine which, if corrosion 
occurs, suffer mosi during running periods, mnl in view of the fuel that oxygen, 
and, in certain cases, other constituents of flic steam, are resjJoiLsihle for this, the 
ixuisons are not diliiculf to iind. .\t the jifiinl wliere moistiife is first formed in 
the .steam, the concentration of oxvgeii in the latter is, relative toother imints along 
the mucliilie, at a maxilimm. .since no corni.sion Inks occurred on previous stages to 
reduce it. Also, the concentration of water in the steam is at its lowest, and llie 
pressure, relative to sul)sci|iient stages, is high. ('otise(|iiently the concentmlion 
of o.xygen dissolved in this first small (pianfity of water also reprr'sents a maximum 
value, and we have seen earlii'r that tin- rate of isirnision is directly projtortionid 
to tlio amount of dissolveil oxygi'ii in the water. In addition, the tetnperalure at 
tins |x>)nt of the initiation of corrosion is higln-r than on succeeding stages. As the 
low-pressure end of the turbine is approached, the amount of water in the steam 
increases, tile pressure deerca.se.s and the (juantity of oxygen decreases owing to 
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it .1 cxJiiiiDition by rtjrrodion on previou,'* Therefore the concentration 

of thi-i (fas in the water is reduced and thi; rate, of corrosion becomes decreasingty 
rapid. 'Ilie proj^KSsivc fall in teni]>eratur<; i.s, of couisc, anotlier retarding factor. 

The corrosion which may occur during standing [HTiods is generally of little 
c(»n.sei{iicnce, since tlii^ precautioiLs necessary to safeguard against this are fairly 
esHnmon kiioivlislgi^ and are usually adopted. Much eornwinn, however, is due to 
the condensation of moisture on the blades, etc,, as through leaky or imperfectly 
closed steam valves, and to the access tif atniospluiric oxygcui. It will attack the 
blades on 101011 stage more in' leas nnifnriuly with the exception of those on whieb 
a coating of magrictic oxide has Insni produced during running, in any cose it is 
luiMsiia) that [[lucdiities are shut down for siillicieiitly long is:rio({s for tills type of 
<s>rrosion to [irxiceed very far at a tinic, anil it is ginieraliy admitted that the progress 
of serious deterioration of the blading occurs Vliilst fbe machine is running, Never¬ 
theless, unsatisfactory .stiiiiditig conditions frc([ncntly initiate coiTosion and therefore 
in cases may he largely n’sponsjhie for it. 



CHAVTER IX 

THE CORROSIOX OV CONDENSER TCRES 

Tiik iiroblem of tlic corrosion of coiifftoisfr tnluw. i.c. of liriiss, is otic tvliosc full 
iliscnssion wonlii rc([tiir<“ as mudi s]MPti ns tliat of tiic corrosion of (crnuis iiiatt'rialii. 
For mnny years the extension of knowicdcc with rcK«fd lo the corrosion of ro[i|s‘r 
ulloys was very slow, due, no donljt, ft) flic fuet that, alt)iouf;!i it is a nnifterof vt'ry 
eonsitierahle im|)ortnuce t<i I'ower-ltoiise anil Shi|i's cionoiny, it com [irises hut a 
jwirt of the, [<cncral corrosion (inihlein. a [lart wliicli is relatively <if minor lliiuneinl 
sijfiiifieance. During recent years, however, the waslii|;c rivsnllinf; from I lie frci(netil 
anil rapid deterioration of eontleiiser tubes and the eonsei]nei)t failure of the eon- 
iletisers. lias stimnlated iiivesfijjation into the eaiisi's, iiieeliatiisin ami the means of 
|ireventin[( their corrosion and a larae amoiinl of literature has lu-enmiilated wliieb 
rccorrls the results and e,\)ierience,s of dilfeieiif wotkers, 1 heir observalion.s, theories, 
and eimeliisions. The siihjiTt is still in an iiimiainre stajie of ileveloimient isiiii- 
[■areil with that of I hi' eorrosion of iron, ditferenees in i))iliiioii are wider and more 
roiniiioii, and theories e,vist wliieli, alllioi:[;li vitv eajiablv e,\|iloi1ed, aiv bimed on 
livjsiflieses wliieli are exlrenielv imprnbalile. The iiicojiijili'teness of the kiiowiedp' 
ari|itired is well ilhlstrateil bv the faet that it is freijiieiilly ii)i]sissilile to offer a 
,sali,sfiietorv e,\|ihinati<iii of a jiartienhir ease of (otidenser tube failniT, or why, in 
one I'ondenser, an oceasiuiial lube will tail, rajiiiilv and eom|>le(ely, wliilsl the 
reiiiaindrrsbow little, if anv, .sijjns of having been in serviee. 

Generally speakitifi, most of tbe factors whicli are ojieiative in the eorrosion of 
troll art; ,similar!y operative in the corrosion of brass. In tbe first [ilaee, there iiiuv 
la- observed tbe ,sa!ne three main tv]x‘s of eorrosion : 

(I) Aiito corrosion, 

(tf) ('ontnet corrosion, 

(d) Kxlernally indneed eornisioii. 

The first tvjx' rc,snltK when the hriiss is in eoiitaet with an electrolyte bill is not in 
eontuct witli any eonductinfi solid: the seeond tyja' when, in addition to beiii(( 
wettvsi by an electrolyte, the brass is also in contact with some other solid isiniliicUir, 
cither nietallie or non-niclallic, and thi' tbinl ty]ie wlien the brass serves anodically 
for an externally generated K.M.F. 

iSecondlv, there are two main forms in which the corrosion of brass may exhibit 
itself: (1) where both the constituent metals are dissolved or removed at the same 
rate and in which the corrosion jitoducts contain aine and copjicr in the saiiie pro¬ 
portions ns those in which they exist in the original metal—this ig, of course, uniform 
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cornwidti, and the ilidcridraliim iKtsiiiiii's tlii> form of u fyneral thinning of tho tub? 
whIIh; (‘i) wliiTf a jjrfdi'rcntiiil attack on one of the conwtittipnta of the braRa occurs, 
it may be either on t.lii' xitl(^ resulting in thi! so-called dcaincificfttioii of the brass, 
or on the topiier. This latter fonii is fotn|arabl« to the pitting of ferrous material 
ttn<l, similarly to pitting, caiiM<'S a more rapid breakdoun of the tube. This case 
may also be exli’nili-d to iticliide the results of the siintiltaneous .solution of Imth 
constituents, but in Hliich oni‘ of ilieiu, the zinc, is removed at a greater rate tlnin 
the o1 tier, The jiittitig may, therefori', appear actually as such, or may Is’ reprt!- 
sented by portions of the tiibi’ in tthicli the material, icshliial after the removal of 
one. constituent., is di-voitl of meebaiiiea! streiigtli, i.r.. s[iongy ep|)]aT. 

Thiiilly, the processes of corrosion are electro-eheiuieal ones, and the presence 
<if litplid water is theridore es.seiitial. Also, the following factors each have their 
iiiiltietier on the corrosion : 

(1) AcralifiM of the water. 

(2) The saline eolieentratioii in the water. 

(2) The action (catalytic) of the j)roditets of eiirl’tisioti, 

(I) Tlu^ teliijSTallire. 

(o) The ('oiu[iositiiui cd the alloy, 

(li) The pliysiial eondition of the alloy. 

As in the ease of iron, if the water eoiitaiiis tio oxygen, eorrosuin does not oeeiir, 
initial attack imiy oeeur, but soon eeases through laek of ti.xvgeti, wliieb. aeconling 
to some luithorities, arts primarily jis a di'polari.ser anil, to others, bv rsuiverting 
proteelivu ])rodiiets into stiniiilativi’ oni's. When o.wgi'n is ]>reseiit, corrosion take.s 
place, and then' may occur ilezineiticatiim or the selective solution id the zinc, 
nanoval of both the zinc and the copper in wliieh no residual fn'e eo])per is left, or 
ivnioval of both I he zinc anil the copper, in winch, in addition to the formation 
of (s>pper pniditets, tlii-re is left a uuaiitily of residunl, nielailie, spongy i‘op|ier. At 
ordimirv leoiperatnres. the attack on lhi‘ brass increases with the extent of aeration, 
and this also appears to increase the proportion of zinc in tlii‘ corrosion prodmls. 
It is inleivsting to note that the eorro.stoti of eoppi>r aloim in sea water is retarded 
by aeration, iliu' prolialilv to the format ion of a ]>ri)1eetive tiliu of ovtife, whilst 
tliu corrosion of zinc alone In sea water is aeeelerafcti In' ai'ratioti. 

lucrcas(‘s in tetnperatnre n[i to abont oil't'. inereasi* the rate of corrosion, after 
wideh the rate falls olT; it is less at du than at Att' Aceoisling to (riblss {Trntttt, 
AVinaftp/ iS'iK'., 11, Itllo Iblli) the altaek in sea-wuter tuktsj piaee in three siieec-ssivc 
slagrvs. Kir.st theri' is a slightly preferential soliltinn of the eopi>er. then a period 
during which both the zinc ami the (sipper dissolve or are removed at apptsixiinalely 
et|tml rates, and linally an iueri'usinglv selective so]utton of the zine. That is to .sa\', 
during the lirst stages the copper is ri'iuoved more raphllv than the zinc, but the 
rate of sidutioii of the line eoutiiiiially iniwa.ses and for a time Is abmit erjual to 
that uf tha copper, after which the zinc maintains a higher rate of solution than 
the cop|)er. 

He also states that this latter ooudilion is reachisi muix‘ (jiiickly in stagnant 
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water at 15' 0. than at 50^ and is ptriWbly il<'|)cti<lc‘iit ii|ain ilic ainouiit tif <uvKeii 
and carbon dioxide dissolvwi in the ivatcr. l)i>iii<; iiasti-iiisl bv aeration and ap|Mn'ntl)’ 
associated with the production of a hint of ciip]jer oxide m Ilicit proti-cls I lie (><i[ijier, 
but which di>es not )>revcnt the solution of the zinc. 

rhanjtefl in the relative rales of solution of the eolistitnelit ti let ids of VO/tiil brass 
are also occasioned bv variations in the .stiline eoncviitralion of the eleetridyle. In 
diluted sea wafer the rate of tsirrosioii, as a whole, is slower tliiiii in neat .sea water, 
bnt (he projiortioli of zine in thc‘ product .< of the at tack is higher and increa.ses with 
iacreasin;; ililiition. tliblis reconis that afliT tit davs at all (’. in ki miIv aidaled 
.sea water of the following eolli eJilintions : 

y .V .V .\' 

l' o' t' , d' Id 

the ]H'rceuta"e of zinc in the cornisioli ]iniihiets was ies|S‘elivelv as follow.s: 

!,'!■() :tW) IM riS'.o 

.\ eonstant inerease in tin' relalive rate <if the snliilinn of I lie zilie is llirrelore ex 
liihileii. ami this is iti line with the fiiapiinlIv oliseived fad that estiiaiiiie waters 
are more selectively (ornisivc than is neat sea Halep. and aiv iiinre I'ondiit jve to 
ile/ineilieatioii. This may lie fiieilitiited by the ilierea-sed solilliilily of o.veycn aiirl 
<-ai'bon dio.xide in diluted ,seii water, tlie eiirbon liio.xide I■l)tl1ell1 iiicieu.siii;; the altiiek 
on I lie zine and the o.xvaeii ismtenl i’eiaidiii)t t hi’solution of the iop|s'i', t hi'.solubility 
of wliieli in eetiilv nidiiteil sea watiT is piii(,'ie.ssively ri'dueed by dilution. 

Ilf the products foi-jocd diiriii^ the I'ori-osjoii of linuss. tlai.si’ wliicli ajj|s>ar to act 
as .stimulative ayeiils iii tlu’ subse'jiient alliick are tlie oxy chlorides; ihi' isip]ier 
o.w eliioride catalvtieiillv aci eleriili'S llii’ ri iiioviil of the copper ami the zinc 
o.w f-lilotidc of the zinc. Till’ furtnatiort of these salts, which may or iiiriv riot 
fie direct, ijepend upon of Iter ocneriil cnndilious; thus, thi’ cnp[ier sail may Is' 
priMlucerl at oivlinarv tempi’ratUM’.s and tlu' zinc salt at lusher lciM|s’raliire,s. 

The chemical eomposjtiou, thi’ ju'i’sc]]i’i’ of otiii’r melals sueh as tut and lejtd, 
.structural irnd jiliv.sical hcleropetieitv. iind llu' presi'iici’ of I'mbedded ini]iurilies. 
all have inlhieiiees iiioir or le.ss eotnparable willi ihuse obtiiininp ill tile ease of iron. 
.'\ lioimipi’iieoiis ((-brass corrodes a.s a rule more iiiiiformly tliaii a brass isinlainiii); 
the It- and /t-pliases wliieli is the more siisceplilile to seleelive altiick or lioii-uiiifurni 
eorro.siiiri. t.’old-worked material is also more liiible to iiltai'k. and tliis is more 
rapid at those ]a)ilLl.s which iiiiiik the iiidnsioli of foreign mailer, as in nilhsi 
inateriiil. etc. 

Not wit 1 1 standi iij> tlii.s ttenerai similarily betwei’ii the corroHion of ferrous and 
ru]>riius material, the hitler has many ilisiiiidiee fealtin’s, hnwever, and is jair- 
tinilarlvcoiiiplieiifisi. and for those who u i.sh for u detaiieil acciiujit of the rewarehes, 
etc., which have been made in (bis roiirieetiun, the list of references, ^veii at the end 
of this ehairter, may lie of uw'. The reniaimier of the s|«ce available will Isi devoted 
to a reproduction of what must lai rejtanied as" the most iip-todate and authoritative 
cx|irt“s.siot) of opinion ” on the prohleni of the corrosion and jatueetioii of oondenscr 
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tubes, In 1910 a conimittee, Tlic Corrosion Research Committee, was founded by 
the Institute of Metals, and it re()rcsents probably the first organised campaign of 
investigation into corrosion jirobleins to be instituted. The results of ten years’ 
rtttearch and )>ractical uxjS'rience are <mibodietl in a painjihlct, No(es on tlie Corrosion 
and I'n/tiTtion oj Condenxer Tidirs, liy (<■ D. IJengough, M.A., D.Sc,, which, through 
the courtesy of tlic Itwtitulu of Mi-tuls, by whom it was piiblLsbed in 1922, the author 
is iibli! to include ;— 

" The genera) use of brass for tsindensur tubes appears to ha veari.sen as a rea.sonable 
conijiromise between the three factors of (ii) suitable nicclianical properties, (ii) low 
cornidibiiity, anil (c) moderate eost. It is comparatively easy to meet two out of 
these three requirements, and brass has in the {suit giviui a fair biiproximatiun to all 
three. The itiereased trouble caiisisl by its oci asional failure under certain conditions 
in recent years made it desirable to asci'rtur.i the causes of the corrosive action which 
brought about failure, and these causes have now been fairly fully elucidated. The 
question of improving the resistanee of the tubes to esirmsioti has also been taken 
lip, and several entirely dilTereiit methods of doing this have been investigated. 
This jsirt of the work is not yet finished. The notes give an outline of the [iresent 
IMwilion, and iiulicate the lines upon which the work is now proceeding. 

" The subject of coiTosioti of I'linilenser tuln’.s is a [sirtieularly complicated one, 
Ih-cuiisc it i,s closely eoueeiiieil with tliri'i; types of factors, nainelv : - 

'■ («) Very involved ehemicat and elect ro-cheniiea! react ions which vary 
with different tyjs's of water, leiiijsiratiire conditions, (line, etc. 

“ (b) I'Ingi lice ring cniiditioiis which are difficult to elucidate, such as the 
ciinditions of flow of water in the tubes, pipes, water-ends, etc., and 
the fonmitiim of froths and fnanis. 

“ (c) Metallurgical factors, such iw the grain size of tubes, the presence of 
intertirystidline lines of preferential altaek, and the existence of 
surface layers, on eold-wiirked metals, which behave ilifTerenfly 
from the under] viiig material. 

“ Thus it happens frequently that a ease of corm.sion eannot be attributed to 
any one single cause. Serious corrosion is usually the final net result of a number 
of factors working together, and these factors may be included in cither or all of the 
three types (o), (ft), and (c). The nature and the effectiveiiess of each factor are 
unlikely to be the same in any two cases of corrosion occurring in different con¬ 
densers. Indeed, it has been found that the conditions, chcmicai and physical, are 
far from uniform even in a single eonilenser tube, bisfs of factors which iqay affect 
corrosion are given later, ami will be discussed in some detail. These lists contain 
the gist of what is known nt the present time. Sufficient kuowledgc for a complete 
imdorstanding of some types of corrosion problem is still lacking in all three branches 
of the subject, but the present notes ace intended to give a general account of existing 
knowledge. 

“ The usual practice of tu-ilay is for comic using-plant makers to specify 70/30 
brass or 70/29/1 alloy for sea-water conditions, or where known corto-sion has taken 
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except in a few caaes in M'liirh a consulting engineer or a chief electrical 
engineer of a jiower station, or a iiinrinc sii])erinterKlent, spe'clfies a mixture from 
bis previotts experience. 

This practice rt'lieves the tiilR'-i linker of the res [urns i hi lit y of eiionHing a tula' 
rnixturc for any particular coiiriitions, a re,>i]siiisibiiity he is no doiiiit glad to avoid, 
but it occasionally results in a soiuewliat nasutisfaetorv slate of alTairs. 

“ it happens fri'tjuently that tlie tubes sjair'ilhsl of one of tile ii.sual eoni|xiKitinii.s 
will inevitably corrode in tiie eonditioiu in wbicb they uill be placed. In iliie wmrse 
the tubes fail, and the user claims satisfaction from the maker, le* the cause of the 
trouble is actually unknowu to him, but apjiears to lie due to some fault in the alloy. 
The maker may then reply that the tube is as s[xfified, and a deadloek results. 

■■ Sometimes the case superficially appears to be very strong against (he niuki r. 
javrticularly when a t ube shows w hat <s commonly known ns ‘ derjneifieution.' In 
such coses the user may |s)jnt to coppery sjiots in the. tube, and elaiiii that (heir 
oeeurrence is clear ]>roo( that the metal was badly niixed in the enieilile and that 
the tube should be rcjdacisJ. 

" It is necessary, therefore, to state that it. has been fully proved tbnl the occur¬ 
rence of such copjiery s|H>ts in tubes is not dejsmdeut on good or Istd nii.xing of 
the copper nn<l xinc in th<‘ erueibb'. Sucli coppery s]K)ts are the result of purely 
corrosive action, tiie <'o|)per being rede[)i>stttsl from solution. Kuch action may 
occur in the ])ure.st and most candully manufactured Td/iitt iirtiss and Admiralty 
alloy tubes it is jsissible to jiroduce, provided that, the t ubes arc subjected to certain 
eorntsive ci unlit ions. (Tbo presence of a Iraee of arsenic in the tube will (irevent 
the formation of these copper spots, but it is tiot certain that, the life of the fiilx' is 
prolonged in eonsetpieiiee. in certain cases the contrary ajipears to be the rase.) 

“ The troiiblc. in fact, must be iittributed to totidilions external to the tube and 
not to the tube itself. Tills. lioweviT. is not to say tliat all tubes uri‘ good, and 
they may. in fact, siitfer from debats which render them iinsuitalile for nsi* in 
coinieiLser.s. 

■■ It is necessary, theixdore. first to distinguish between those eailses of trouhie 
w hich can fairly be held to bi‘ due to the tubes and those wliich aix- due to tfie 
cxHiditions in which they are placed, and tlieii to consider what nieasnre.s can be 
taken to palliate sueli troubles, '['be fact must he Hiii|ihasisecl, liiiwever, that if 
a tube of a particular conifsisifiou is used in eondilions unsuitable to that mixture, 
no absolutely certain means of preventing corrosion of the tube is available at 
present. Under certain set.s of cimditions a tube different in coni|s>sition from 
those now commonly in use is de.sinible, and search for it is now being made. 

'' The causes of tube failure are classified below under two beads -viz. (I) causes 
which are due to the tubes and (2) causes which are ilue to conditiona external to 
the tubes. 

“ (1) Caures due t» lAe tuba. 

(o) Laminatinns, spills, etc. 

“ (6) Faulty com|>osifion. 
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" (r) Lliwuitable oryxlalline utructiire. 

“ {d) Mc'clmoical failurn, e.g., collapsi: under packing, ^iplitting, 
seufifjn cracking, etc. 

“ ('2) ('wtsex dw III exlernnl cDHililwn*. 

“(c) lyx'itl accuimilaticm of corrosion ]iroduots. 

“(/) ■'bottling of foreign suhstiinccs on the tubes, srjtiictiines giving 
rise to (e), 

“ {ij} Siilwiili^ry supplies of .si emu imteriiig coinlenser ajwrt from 
imtin, giving liigli loe.'il teinperutiire, and, .sometimes, 
e.vlerntd erosion, 

“ (A) liik^l deterioration on upper internal surface of tube. 

“(j) Kleirt rical leaks and tlivnno-vlect ric action. 

“(A) Water speetl, especially with dirty inlet water, as in certain 
))ailx)i;rs and docks. 

“ (/) Kill ranee into certain wateiway.s, es]s‘eiallv when fiibe.s are 
new, r.i/. Shi)i Canal and lertain tropical river.s: certain 
docks; the Tyne at cerfain penod.s of tlie year; llie upper 
reaches of thi‘ Clyde, 

“(ill) .\ir sucking iliu' to rolling in bad weallicr, air leaks in pump 
line, etc. 

"(a) CnsLiitable rli'sign of waler-iuid. 

" (o) Kerride troubles. 

“ iji) Too high a teinperatiiri'. 

'■ (f/J The pre.seiii e on Hew tiibi's of eertairi iron i Miiipoiinds. 

*■ (r) Sherri I'ireidting of eonimuinatrsi eooling w'lVler. 

" (.v) Seasonal and nlher vnriations in water eom|ii>silioii, 

■' Kxcejrt in rare cnsi‘S, corrosion lakes phn i> on lhi‘ inner (J.c. the water) sidi’ 
rrf ihe Inbi^s. ainl in piaelice il nsually happens that the 1'aclors (e) to pv) ari' inrt 
undrT tlins'l control of the I'ngineers in ciiargc. hVinpientIv the ean.sr^ of failure 
is not a single item in these lisls, but two, lhii’i‘, nr tiiore working together. Tin- 
eirrrosion wideh results from the eanses laindaleil alsivi' niav taki' one or tvvo forms 
t.o wliii'h the following nnines have been apjrlied : 

"(1) ‘ Coni[rlefe i‘ornr.sloii '; i.e.. both eopper and /.ine are a1taeke<l. aiwl 
either ri'iiioved in .sointion or eonverted into baste salts. 

“(2) ' Seleelive uethrn ' ttr ' deJiineitteatiiin ': apparetitlv onlv the zinc 
is attacked, and tlu' copper left In xilii. 

"What is cotninotily calhsl ‘complete corrosion' is usually chanicteri.serl by 
the presr'uee on the inner surface of the tube of tmicli blue-green basic cop[H'r salt, 
which colours the white salt of zinc, and of red cu]mni« oxide. .As a matter of fart, 
both tyires of action ari' rr'ally complete corrosion, since Irotli copjier and zinc are 
attacked, 

■‘What is callesl ‘selective action’ or deziiicirication is usually characterised 
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by H white of zim- KVerlviiiy miiHiti'riibU' dejHisils uf tnetiiilir t'ii|i|K'r. Tliw 
is j’cnerally siipiKwisi Id Iw ciihi'r (iiiiillDycil copjii'r [iuii|i.s, or elsi' iiuatt ticket I 
(■<i|ipr wliirh wii» nrigiiiuLy [irewtil in tin- all.iy from « hich the zinc Inis Incii rcniovvil 
liv rlcetriilytic iictinii. Nciflirr of ill esc views is corn'd, Itoili (lie isi|i|S'r iitnl 
the zinc nriKiiinlly iiresciit in tile iilloy Imvc Iss'u tiKinkeil by the iiiitinl curnisive 
action. an<l the (‘ 0 })|K'r has renlly been n'llcjio.siteii ftoiii I he co|i])er chloiiile .'^i foniieil. 
The term ‘ ile/ineiliciitirni * is therchin" niisleiiilin^ anil niiyhl well In* abjiinloneil. 

It .soiiietinies lni[i|s'ris tlial ineliillic cop|X'r iiliil while zinc suit, which lire 
usiiitlly eliuriieteri.stic i>I the one lv|ie ol iielioii. miil cii|iriiiis neiile anil I he bine 
liiisic copiier salt, ivliieh me ehiii act eristic of tlie oilier tv]ie. me nil fonnil top'lher 
a.s the ri'snlt of corrosive action, .^s ii luatler of fnet, no .sliiii|) line ean be liriinn 
to .se|iiirate the levo tv|ies nl iiclion.^ Thev fnile iiitn one .inolliei ihioiiith inter 
niisli.ale types in aerordiinee with the ]in'Viiiliii|i clieiiiicnl mnl jihysieiil eriniiitiini.s. 
Snell (litVereiii'i's as there are helweeii the evtreiiie i'xaiii|>les are eonrenieii with the 
final |ir<Jitnels of isirnision. iiinl iiol neeessarily with the initiiil aeliiin. These 
ililfereiiees are iliie to viiriiitloiis in si'ionchirv or ti'rttiiiv reiieiions. wliii li in turn 
ile|ieiiil on I he hu'iil eheiiheiil eoinlil mils e.vteiiial In I he tula', siieli ii> leni|»'iat lire, 
or lo the pri'senee of eerlain siihsiiliari’ metals piesetit in tile lube itself, sueh ii.s 
arsi'iiic anil iron. 

*' It shiiiihl fie Isirne in niitiii tlial ihe iieerieri'iiei' of ilepusiteil eojiper on a isir- 
roile'l Inlie is not nei-es.sarilv a sien that ihe tube is inferior to one tloil Inis mil 
rorroifi'i] in that partienliir wav. The ilr]riisjteil eo[i|a'r soroeliiiies folios ii fairly 
eoheretit niii.ss, bnt is not watert iolit or sl nnii; enc)ii;!li for Use w hen 1 here is no hinder 
anc baekini; of titieliiinited liriiss lo siip|sirl il ; iievertlieless. it niiLy sene ii n.sefill 
purpose in liiiiderino the rale at uliirli o.vveeii ean reaeli ihe still niii'liiiiiaed brass. 
Siiiietiiiies the action is .so .slow that tlie tubes last over twelve years iH'lore eoniplele 
(leiforation by local or oetieral leakaoi', 

“The eaicses of r'lirrosion which are diie to tin* Inltes t heniselves will now be 
eiinsiilereil in oriler: 


“(«) I,.\.MI\.nTI)\S .\M) SI'II.1..S 

■■ The.si' are forimsl in the lubes iluriiio the ilniwirij’ process, and are not in 
tliein.selve.s iiiitnilin» raiisi's of loi al action, lint if corrosion starts fnini olhcr caiwa, 
file iiicfal of tin; tiilio is nioie liable to beeoiiie di.siiile^niti'd ill tlie iieiphbinirliood 
of tile flaws tliiin elsewliere. Tliis is due to e.vfoliation or ineehaliieiil ffflkinn away 
of Ibe metal of the tnlie. iiml li'aks iiaiy oveiilHally oeenr. owiiii! to tbe lbinnin)( of 
ibe tube walls in lids wav, W . liaiiisay (A'w/'H'''''' eoJisidiTs ibis 
uefion an im]sirtant r'all.se of tiilie failnre, lint in the present mil hors ex)»'iietiee il. 
is very rare for tnbes to fail froin this cause. 

‘•{b) K.Vf'I.rV ((JMWSITIOX 

“ A.s regards nniiiHisiticiii. a fair s|sa'ificalion for an ordinurv 'O/fWl brass tube 
vroiibl be ropjsT not less than RfPI) )sir cent., nor innre than 7) [s^r ecrit,, and the 
ziiie not more than fid wr cent.: other tiielals, unless added intentionally, should 

K 
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not exc-cpil 0-4 per ct-nt. Such other rjietals which may he found in brass tubes are 
learl, tin, iron, anti Homctimes nickel, manganese, aluminium, and arsenic, 

“ If tlie be made of cathmle copper and electrolytic zinc, the tin is usually 
less tlian (!■ I )Hir cent., but if B.S. copper and ordinary spelter ate used it is occa¬ 
sionally as liifili as (>'2r> per cttm. Such small amounts of tin are not known to have 
any HjsH'ial ellect on tlit^ heliavinur of the tube as regards corrosion. The proportion 
of leitil ubicli ticeiirs in tubes made of cathode copper and electrolytic zinc should 
be tielow d’l per emit.; with ordinary sjadter and B.8. copper it may be as high as 
Ii-J.'i jier cent. One widl-ktiowii firm considers it advisable to introduce nearly 
2 per cent, of lead into cotidcnner tidies, giving an approxitlTate composition of 
70 per cent, cojijier, 2K piT <‘i‘nt. zinc and 2 per cent. lead. The object of this is 
considered to be to take advantage of the protective action of certain basic salts 
formed from tile lead. Such tubes Imve behaved better than 70/30 tubes uwlcr 
rerfaiii eslnurine coiulitions : in sea-water conditions the presence of lead docs not 
ensure. free<l(nn from the white salt fy[si of attack (t.c, ‘ dezincification ’). 

*' .\s regards the iron, the tube if iiiade fnuii electnilytic copper and zinc should 
not eotUiiin more, tbuii O'l ])er cent. In ordinary tubes, however, as much a.s 0-20 
per cent, and even (Klo per eeiil. is not infreipiently found; occasionally 0-5 jier 
cent, is reported. This metal is undoubtedly the most harmful of the common 
impnrilie.s, and greatly enliaiices tint rapidity of the white salt attack in sc» ami 
fstiiariue waters. It i.s desirable that all specifications should contain an agreed 
Hmit as Irt the amount of iron the tube may contain, the jiermissiblc amount dcircnding 
on the nature of the eirciilatiiig water. (In hai<l fresli water, such as London waters, 
the presence of iron is miieb less harmful tlian in the case of sea water; in the latter case 
and ine.stuanue waters itshoiilil be kept as low as jxrssible, i.e., below 0-1 per cent.) 

*■ Manganese i.s only occasionally foumi in tubes in determinable quantities, 
unless it has been addeti intentionally. In the latter case as much as 0'8 to l-O per 
eeni, may he iiitrodiued, but this has not liitberto been found to confer any con¬ 
spicuous advantage on the tube in resisting eoirosion. The small amounts which 
are occasionally found cinder the fornuT head do not usually amount to more than 
O'tSi per <'ent. 

Nickel in siindl ipiantity does no apparent harm, but aluminium should be 
rigorously e.'icluded. 


Ashuiridtr tnlws contain Ht per emit, of tin instead of 1-0 per cent, of the 
ziiie, lliiit is. tliey consist of 70 per cent, clipper, 2!) per cent, zinc, and 1-0 per cent, 
till. I licse tubes resist tlie white salt, attack longer tlian tubes which do not contain 
more than a trace of fin, and uniier conditions in which the vacuum in the condenser 
will be less tlian 2X| inclies (and conseqnenfly the maximum temperature may be 
over ,hi (■.). Admiralty corn(sisition should always be specified in preference to 
the plain 7(1/,it) bmss, except wit It waters known to be only slightly corrosive. 


"(c) UX.SUITAIJLK CRYSTALLINE STRUCTURE 
Tlieri' is evidence to show tliat 70-30 brass and Admiralty tubes which have 
had their structures •refitieil by annealing at a temperature in the neighbourhood 
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of 360'' C.. so tliat ri’Crjftallwation has orrurp'^i but iTVStsI ((rowtii him bwn slinht, 
are more reiiiUat. to cornniioii than tubes wliieh lni\'e not lieeii jmi tn‘ateii, and 
which, consviniently, have a coarser structure. 'I’liis trttuliueiit was iirij(itt«lly 
propoaeti by Shaw Sjiarrow, and there is no doubt that i KCiLsio mi It v course struct tired 
tubes are liable to an intercrystulline isirnisice attaik that iiiiiv cause eoiisidemble 
tntuble. 

“ When specifviiifj brass tubes, it is therefore advisable to call for ii final anriealin)f 
treatment, t.c., stiliseijUerit to the dtHwiiijt proiTsses. in the teui]ierature rt»n((e 
30<f i ‘2!) in an «ai(lisiU(t n1uiiis]iben', Sueli tiviitiiieni has but a trifiiun ellwt 
as rejpirils softening; the tube, and dia-s tint interfere with the luakiu)! of a li)tht joint 
at the ferrule. Tubes so treated have u line i ryslidiine struct lire. They must not 
be Jiickled after the final Iiiiuea)iii|[. In laid isiiidilioiis. honever, litis luw triii- 
(a»ratiiri! iitineatiiij( will not jirnriit cornwhiii, hut oiilv relanl it to some extent. 
Nevertheless, the proee.ss. whieh adds hut a trifle to the <sist of the tul«'. seeiila 
worth u more extensive trial than it has had at |iri'seul. 

“((f) MK(TiA\H'.\b Khll.UHK 

This niav la' due to the fact tiuit a tube is either loo hard or tiai soft. (>wiiij( 
to it.H Ircafnieut in the drawijip shop. Ill the former easi* il is liable to fail by 
spliltinti, and in tlu' latter ease by eolla[isin^ when screwed Up for |aiekiu|t }uirtMises, 
A colla]is(‘d tube whieh bulges inwards is more liable to corrosion in the Ui’i)’)ilKUir- 
bom! of tlie ferrule than is one uhieh has ri'taiiied its ori^tinal shape. A detailed 
di.sciis.sion of iiiei haiiical failures, siieli us season craekiiift. ele., is oiilsiile the scope 
of these notes. 


■■ Kair.i uKs ])i:k to K.xi'KH.VAr, ('oNoinrjN.s 

•‘(/•)TUK I.O(.U, .Vl't'lI.MUL.VTION Oh' lOllllOSlOX I’ltODlKTS 

" It has been found that fie' salts formed when copper or limss is corrisleif by 
.sea water are eomplicateil ini.xtures. soiiie of the constituents uf which an‘ harmful, 
some neutral, ami some even proteetive. If, tliereforc, these jirodilct.s neoUliiillalB 
on, and stick to, the tube, instead of lieitiK swe])t away in u stream of circulating 
water, the tube may be either I'aally jiroteetcd or locally cortoried, and there, la 
tbii.s always a chance fliat local corrosive action may take jilace, and this t.y|)o of 
action is one of the most freijiieiif. causes of ('(irrosion, us well lu one of the most 
difficult to control. The clietuic/d changes involvisl are sono'what (sirtipliciitial, 
hut it may lie said that an active turtosive agent is colluidal cuprous chloride which 
changes in part to cujiric chloride, a suhatance wliich ra]Hdly attacks either copfier 
or bra-ss. It Is clear that an attack due to salt accii in illations is purely a matter of 
chance, and is beyond the control of eitlier the tulw inanufsctiircr or the engineer 
in charge of the condenser. The (sissibility of it is inherent in the types of tube at 
present employed. As an instance uf attack by corrosion products the weibkuuwn 
elfoct of preferential attack at a water-line is an example. This is mainly depen¬ 
dent upon the nature and diatributiun of the products of corrosion, and is not, as 
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muHlIy HiiiijHisiMi, (luc ](rinpii>tt!!y tii the deiwUming action of the air. Under 
certain coiirlitions tlii! prodiicta of eorrosion may f;ive rise to ‘concentration cells ’ 
ivliidi may ^ivc rise to very rajiid jiitting. 

“(/■) SKlTI-INt; OF FOUKKIX SUHSTANCFS OX THK TUBKS 

'• Many ty|ii‘s cd hindirti siihstaiii'cs may olitaiii entrance into a condetLser and 
iiHiV setlle on I III- tlihes ; tlie niajoiity of siicli snlisfaiiees, e.//.. sand, clinker, wood, 
weed, etc., are cheitiicaDy hariiiless in theliiselre.s. They may, hywever, exert 
iiidireetlv a very lianiirol ai-tioii on t)ie in-w lida-s, owin^ to the fad that they ttive 
a fonia for the eollection of harmful [ii-odiiets id eoritisloji; some forei^rti bodies, 
such as hydroxide atid other ^ids, wliieh have hei-n jirecijiitated from colloidal 
solltlioii. have alisorjitive lu-oiiertii-s whieh itiav cause ciiii.siderahle trouble, but this 
liraneh of I he subject is lor> com|jjjcaled for detailed discussion here. 

"It is elear. aoaiii. I hat tlii> I v|s‘ id corrosive attack on a tube is not under the 
■ (introl of <>ithei the liihe iiiamifaci itriT or llie enoiiieer: for iiistaiu'e, a finssintt shi{) 
tiiav stir ll|i mod, siimi-, sewage, ete,, and cause it to he siiekerl into the roildetlsel 
inlet Ilf u Hhi|i or eslinirlne )H)wer-.s1ation and ih‘|iiisited on tin- tiihe surface, and 
thereby ealise eoirosion. The ilanoei- is eiealesl with neu' tlilies; after certain 
types of seale have formed on liilies there is less <laiij;er from this source. 

'•(aO STF.XJ! Stll’I'ldKS KNTKIlINC LOWHH I’.VHT 

OF ('ONI)KNSFH 

■■ An oeeasiotial eaiisc of liimlde in eoiideiisers is the ini i-oduclioii of snlrsidiiiry 
steam supplies into the lower purl of the i ondeiiser. and the direel inipineeiiieiit 
on the colder tllln-s in the eondeiiser id the steam. The result is that tlie tidies 
opposite tlie .steam iiilel sliow eiosioii on the outside, and sometimes also local 
‘ dezlncitiealion ' or w hite .sail attack on the inside, even when tidies eontaiiiiiie 
t per cent, of tin arc u.sed, ami rapid failure results. Failure iiiuv lie din- either 
solely to erosion from the outside of the tiilie. or the iiiuill tronhle muv he corro.sion 
fisMii the inside aeceleruted by hi^h temperutlire, erosion lieinj; a eoiitriiintorv faetor. 
Kisision may he pronollMecd with ipiite low steam pres-sim-s, .such us li or f.a lb. 
(l*j\pansion from several pnmals jirc.ssnie In a lii;;li vaeiiiim (;ives rise to considerable 
itUTi-ase in veloeity. anil prohahly the eiosiou i.s causetl bv .sils[M'iideil solid jarriiele.s 
and water ololiiiles cullidintr with I he tube at liijjli speed.) .Ml uuxiliary steam 
should he led into condensers at the top with the main steam, and as far from the 
tnhes as [scssihle. 


‘■(fi)TDF IXl.KT DKTFIMOU.VI'IOX 

“A fairly ecimiiioii form of deterioration of coiuleiLser tubes is ime that occurs 
at the inlet end at distances from ! to I inches from the end of the tulic. It usually 
ttecuTS on the top and sides of the tills-, hut is oeeasionally also found on the hot tom, 
and the tube is ra]>idty worn away in an irn-eular nmiiiier. This tyfs- of attack is 
dun to the local formation of a ‘ foam clot." a matti't whi<-h is dt*alt with Is-low. 
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]( is xottieiinu'-s aid<‘d liy the iTiwivf' iictinti (if mil id juirticli's t'iitcriii)i tbi' water iMid 
in s(i«|)eiL"!i(>ti, and liy ' water-li aim net' act inti. 


KJ.KfTliUAl. l.KAKS 

■■ Thiw may iMUidliiy lx- the in use id cnrnwiiHi; such act inn, if it lakes iilncc at 
all. will la' fmitlil to nccnrat and near ntie id the ends id the In la', mid will mil spread 
far inin il. ft i,< mil ]ir(d«ilile flint this is a frei|uenl laii.se nf (rdiiliie. 


■‘(il) W.tTKH Sl'KKi) 

" '[’he eifect id Water speed is nne id the nni.st ciini|ilieated [ihemnni'tia in eiirnisiiin 
pnildeins. It is e.\eei'(liiit:K' ilillhutt In separale nut il.s s|ieeilli' elTeel finiii ntlier 
assiicialed elfeci.s. In the hrsi |iliice, il is imw knnwn tliaf the speed id the waler 
ill a liilie varie.s ereatle aernss the transverse seeimii nl tie' I idle. In the cenlre 
Ilf II ttifie the velncite riiiie afiprn.idniale In IW'iee tie' averane speed enlenlaled friiln 
the tiital viiinnie nf water jias.sin^. \ear the Widls. hnwever, the s|s'ed inav 
appni-viinate In /ern. nr even assLiiue a negative value, with I he furiiiiitiiiti nf eddie.H; 
It t.sthes|s-ed Hear I he walls I hat is uiiisT lrn|sirlanl in enernseii] iiuiTlers. Ih-neridly 
s|M'al(inii. increased s|a'ed nieaiis inereiised eiirnisjiin. 

'■ If a inhe has lieeii in serviei' fur snnie linte and aei|uired a rninih .siiihiee due In 
scale acctininliitiiin. etc., the eddvinif elfeet tiiav In' e.v]ieeled In In' innre prniiniineed 
than in sninnlh tnhes. and cnnseipieutIv a kiinwled^e nf llie aieraee sja'i'd nf Ihe 
water |sissitin thinijefi t he I n lie w ill ei\e vet V III lie in fur mat inn ii.s III w hill is liappeiiintt 
ill any s|s'ellie jmsitinii at the Inhe wall. Kddies li iid In assist enrinsinn, and eddy 
ei'ntre,s are liahle In he pit eeiiires. 

" Annilier ini{sirlaiil inallir in lliis I'liniiectiini is fnarn fnrinaliiiri. 

"The si ream nf water enfeitn}; ii enndeiiser nsiinllv rnntaiiis adniived air, and 
III ferlain s|«'i'dsand w ith eerlain walei-s (nl w liicli .sea-waler is nne) fnntn.sare fnrnied. 
Sneh fimnis iiri' parlirnlarly liahle In he tni ini'il w here a Incid ineiea.se in K|a'i'd m'l'iirs, 
sncIi as is hrnnifht iilmiil he a pailial I limit li lit; id a Inhe fur in.sl aiiee. 

" h'nains cniisi.sl nf intiniiiti' inivtiires nf air and waler, in wfiieli the tndieidnal 
spherieid hiifihles nf air. sni li as neeiir in rieiir water, are tin iiunjiT eleaily visilile 
iilid the inixinri' hi'i'nmes npaipie The npaiilv is-due In I he cxln-nie siilKiivishiii 
nf the air and Ihe isinseipjent tnliinaey nf nij.xinre. 

” Snell a fnuni niav he fairly stalile, and nnly slnwly separate iiiln liirKC air hnlihlea 
and water. Jl niaV e.vliihit seleetive ahsnrplive pmperlies, and he ttitteii mnre 
enrmsive than il clear water stream, nr nne earryiriK ahiiitt larip' wparate hnlihlea id 
air. Tims the tendenrv id a water In hirin a fnain is an ini[Hirlaid fiicfnr in ita 
la'linvioitr as repirds isirmsjnn. 

■'I'lntiparutivelv imf<' w'aters, such as distil led-water and many sanijilca nf ruin- 
water, have little iir no temlcmy In fonn foams. The inlrodnclion into a water 
of a siilistnnce which lowers its surface tension, such as mHiintn chloride, incrcssca 
ita tendency to foam, hence sea-water readily foams. 
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" The jieritianency of a foam in (jtDatly affected by the* viscosity of the water, 
an increase of viscosity increasing the [lermanency of the foam. The permanency 
of a (ooiii in tnbea tliroiigh wfiich sea-water is [lassing is sometimes remarkable, and 
may resnlt in what tiiay he i)escriheel as a ' foam clot ’ in certain positions in the 
tube. The foniiatioa anii [srsitioii f!e[pen(t [mrtly on the water speed. Thus, in 
certain c.xjs'ritniTit.s with sea-water a ‘ ffwrn ciot ’ appearwl at the top inlet ends of 
the tiihiis (extending for ahout. 0 im lics into the tube. This hap])ened with average 
water s[s‘isls of 5 tt> fl feet per sucojid; if the specsl were dnipiaid to ^ to 3 feet, the 
riot ilisappeaieil. and was ri!|>la(’e(i hy a dear-water stream containing sejmrate 
bubbles. 

■' If the s<'B-water tiseil in these e.xperiinent.s Were rejilaced, for instance, by 
Isinihin lap-wiittT. no foam coiihl be Forniei] at any sjieed uji to li feet per .second; 
)hip amounts of hicarlitinafes and salts pri'sent in .such waters are small as conumred 
with ihtp anion [it .s presiml in sea-water anil ilo not sufliciently lower the stirfiu'c 
leiisioii and inennise the vi.scosity to iiroiliice a stable foam or fiotii. Condenser 
tube eorrosion is almost niiknown in siieh waters. 

"The |irincipul factor in producing foaiiiiiig in .sea-water is jirohably the sotlium 
chloride•. iiiajiv other siihstauci's, lioweviT. behave in a similar wav fur instance, 
inaiiv acids. Some typical snl).stan<es which proiliiee foams or froths are colloidal 
solutions and I'liiiil.snids. sia li as .soap solutions, .sewage discharges, and oil water 
mixtures, atnl these are elfective when present ill Very dilute solution. 

"Oils of nnuiy types form fairly persistent foams with air; erensole oil, for 
instance, siieh as may oeeur in a gas work's discharge, makes a stalile elaslir fnith, 
as <lo many tyjs-s of luhriealing ciii. Sat h oils, mav, of eoiirse, he draw n into eoa- 
di'llsers ill diieks, rivers, anil inland waterways, and form ‘ fuiim dots’ in tubes at 
certain water speeds and initiate loeiil action, and rhe action mice starteii may 
contiline even aftiT the ilisaptieai'ams' of the foam eint. ’i'liis is tme of tin- reasons 
why new tain's are liable to at lack in huiliiers' yards, certain readies of the Clvdc. 
the Maodii'sler Ship Canal, anil other places where oils uiul other foani-])riidiidng 
sllhslanee.s may he present in the water and may cause foaming in tlm eomlenser. 
fit may lie |Hiltited out tliat oils and some other sohsluuecs which caitsc fiMtmiiig 
are seldom ri'isirled in water analyses, and it is desirable that tiic analyst should Ui 
cs(»s'iallv tvskcil to look for these in cases of condenser t.iihe corrosion.) Old tniics 
may have a covering of carlsuiate scale on their surfaces wltidi can ctefy the net ion 
of foams or froths. 

In this eunnedion it should be home in mind that there is a critical speed, 
tlepeniling on tiiii length and tiiaiueler of the tulm, which should not be exceeded if 
turbuletit motion (which may itself prmluee frothing) is to be avoided. Turbulent 
inotion, beside.* incurring crtrixiston, tlmiws extra strain on the pump, 

" There are, however, some other facts to be taken into consideration when 
dispussiiig water sjaidtl. William Hamsay, as the rcsiUt of his experience <if tube 
corrosion in ship on the Mersey, has come to the condusioti that too slow a »(ieed 
may also cause the local corrosion of tubes by an entirely different kind of action. 
Sudi corrosion takes jilace at the inlet end of tubes, and he considers that it is caused 



THE CORROSION OF CONDENSER TUBES 119 

by the aecumulation of COj gu at I he top inlet end of the tube (owing, of rounte. 
to the rise in temperature), just as the water enters the tube. 


“(0 EXTRANt'K INTO rKKTAIX WATKHWAVS, ESI'ECIAM.Y 
WITH NKW TURKS 

“ It seems clear that tubes are most sensitive to adverse eonilitions wlieii newly 
]>laci'd in the condenser. After lliey have liis>n sotiii' time in ust* tfiey lend In betsnue 
covered with a scale that may lx‘, and sonietiines is, very |inj1ective, in which case 
the life of a tube may be extended to lifteeii or even twenty years, 

*■ After l«M‘al cornwion has once started at anv given sjait, liowi'ver, little or 
no protective scale will be htrmed over that s]sn, and corrosion will coiniiiiie even 
undereondition.s that would ii<rt have initiated it, Some of the reasons wliv certain 
water-ways and dorks are speciallv eorrosive t<i new tubes haw alreailv been 
(lisciKsed. 


“(») UN'SUnWHUK DKSIllN tIK \VATK!t-KM) 

" In two )Hiss eoiiilensers in whiih the lirenlaliiig water enters the Isittoni pass, 
iMiiible .sinnetniii‘s occurs witli the fr-rnili's and tulie ends when' the watiT enters 
the top glass. This liagijyns iiio.st {rei|nently with condensers in wliicli the free 
.sgtaee 111 the watcr-eini is nndnlv‘ rcstrieled ; oeeasioruillv it is no iiioie than d inches. 
The tr<>nb]i‘ appears to be due to file cxtieme ngitatioti and eonseijiient foutning of 
the water when negoti.itine the nlirnpl turn. 

".'siiiiiewhat siniiliic elfeels also occnr sonietiines in the linsi pass of kondeiisers. 


■‘(o) l■'Klil{^■LK THOl'UbKS 

'■ It aomelinies happens that the ferrules are made of IJoyitt hra.ss or screw metal, 
and that the ferride.s give {rouble owing to corni.sion. These alloys arc more sensitive 
to variations in corrosive eonilitions Ihiiti 7(1,^111) brass, and w hen' such I roubles occur 
it is desirable to Use ferrules of alloy. Leaky |alcking is liahle to cansi) 

corrosion: alsosubstaner^s canglit in or on the ferrules, such :ls ('linker, wood shavings, 
etc., as ile.scrits'd under (/). 


“(p) TOO inun A TKMl'EHATUKE 
” Sometimea the high tenijicrnture of the cooling wafer is a source of irouhle. 
eaisatially in the frogtics; irt general, an increase in ttmifieralnre incrcaaea the danger 
from both the white and blue types of attack. Occasionally the high tcmjieraturc 
is local and doc to an auxiliary striam su)iply. In condenaera working at too low a 
vacuum the temgteniture of the incoming water may, of course, be raised considerably. 
In general an increased temperature means increased corrosion. 
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■‘(r/) TiIK J’HKSKXCK OK IKON COMPOUNDS 
“ Iron oxiilcs uri<l liV'frtixidi's in r^rtuiti pJiysiral states ai’p slif'litly soluble in 
sen wilier, yielilirie whiil is |iraetieully a siilutioii of ferrie eliloride, u very corrosive 
silbslnitee. If siieli .siilwliitiees stick to a hew or neiirly new tillx' (i.e., one which 
hits not bi'coine eotileii with eiirboriiitc seiile) a local iittnck on the tiibi! may take 
pliiee. I [envy Iiiiii|w of scale from water iiiains and water-ends may act in this 
wav. the ordinary Hocciileiit. hvdro.tide i.s readily swept away in the water-stream. 


“(r) SIJOHT-t rut lUTfVO f)!' CONT.AM INATKD COOLINO W.VTKIl 

*■ Tliis is ocdLsionally liable to oeeiir in (b* <ase of works situated on estuaries 
and rivers. The intake anil outlet mains for the eireiilatinj; water are sometimes 
lakeii out into the rivi‘r to a;>])i'o\iiimte1v the .same distance. The intake jiu'k-well 
itiiiv be tbohoinlily (irolected froili seepaoe, lint lint file uiittake jaek-well. The 
water in the liiltcT may then beroiiie contaminated with faetniy producls, ete.. 
and pass to the outlet main anil, at eertaitl stales of the tide, for in.slaiu'e, be siieked 
ill at the inlet main. 

“ \ number of faetois whieli mav set up eniTosjoii and lead to tbe failure of a 
tube have now Im'I'Ii coiisiilereil. It will 1 m‘ iiotieeil 1 hat 1 lie majority of these faetors 
are oiil.siile the eontrol of eillier the lube-maker or the tulie-U.ser. 

*' la eonsideiiiii; the prevetilioii, or iil any rail' the ri'tanlation, of eorro.sioii, il 
wilt be elear from whal has been .said aireaily lliat the achial perforation of a fiihr 
is only oei'iisiiinally I he result of one factor oiilv, il is more usually the filial net re.sult 

of a number of ililTerent factors. Tile relalivi' import am.. tliese factoiw in prodiiciri;t 

the fitiid result is unlikely to be the same in any two eondeusers, iiliil, in eonseipience, 
a remedy which may be foutiil useful in one case tnav be ipiite useless in another, 
lletiee e.vpennieiits carried nut in one plant or ship are o( .sfrictlv liniileil value 
unless all the faetors iu ciiimeclion with that plant are known. Such kiiowleilf»e is 
dilli<>iili. if not im|ios.sible to obtain. Mven such an ini port util factor as the water 
s]a*ed is not Usually know n, and as a result tlic iiifer])tvlation nf exjM'ririieiits in 
comnieri-ial rondensers is Ireipletitly uiicertain, \ further diliieiiltv arises from the 
fact that the most obvious metliods of prut eel lou from a clLemical point of view are 
freipienlly iniprailieable from an eiijtiueerinji .sfaniljsiiiil, Kor instance, water 
treatment would suft^esl itself as a de.sjrnble reiuedv for many tube troubles, bat as 
fur as ship roiiclelisers are coiicorned. any form of either ]»!iysical water treatipent, 
such as filfrulioii or ordinary clicinii'ii! water treatment, is tiarred, owinj; to the 
enorinoiis bulk of svater that has to Is' passisl fhrou);li the cmuleasers. Klccfrolvtic 
treatment of the water may, however, be used, and is the real IwsLs of the well- 
known elect rolytie protiK'tion processes. Possible (irotection proci-sses are jtiveu in 
the following table. 

" Tile follnwin^ discussion nf metliods of leaseninjt corrosion must be ri>t!arde<l aa 
repn'sentiiig a smiimary of present knowled(>e, and is neces-sarily incomplete. 
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" I’osSiULK MKriKIli"! UK LkssKNIM! CoKMOStUX 
•1. Wilier irmt 11 u-iit. 

(ij) I'li v.sicii), I .If. lilt l ilt ii 111 (itii]irMOlientilu uu n lurpo 

M'ult‘1. 

(/f) ('lieniii'iil. e,(/. scifieniMij. iicMirMlkitiiiii, 

(i-) lOlrttruiylie, l^(/, tliirris-AiKiirMiii, (’iiiiilierlttiuf 

“ I. I'se of sliiiiiiiiri! : iillil llllsli .'U'^telli.i. 

illliivs. I.e,. 7ti;;Kt l.riiKK, iu Tlllielleiitiuelit. 

|(/] Tlllie I'li'IUlilie 

(1) I5y ruiltlilin (iul. 

|J) Hy neirls. 

(!') Aimeiiliiij; iit liuv teiii|KTHtureM in ■■xiilielii)' 
:itlmis])lieri‘. 

f/) l*ruli'('liiui liy hiA'iTii ul uisuhilile >:ilts. 

(vl I’rutei-ti'ii! Iiy iiii'tullie illyerii, ('.</. Ill leiiil, iir liv 
illell Mlli>tlllll'<>. i.lf. Vlllllishi-N. Iiiikelile, elf. 

‘J, t'sc uf uflier iilliiy-'i. ivilh ni' xiitjiuiil niethuil.ii ile.nTihril utiiler I. 

" I If tile met hulls tiihiihil I'lh I In) is nut tistiuljv ]>riietieii1>le uti I he larj^e seale, 
exeeptiii;; in the ense uf iiiiike-it|) anliT fur the siijijily iif ciiuliiif’ [Kanis. and I {/<) is 
frei|iii'iith’ a tiiiitter fur tile W ater Autliuiity rallier than fur the eiijiiiieei' ti) e]i»rt;e 
uf a jilaiit: lieiiee I |r-) M ill lie lirst (li.si'ns.seil here. 

-1 (<) KI.KlTUfH.VTH' I’HOTKCTIDN 

" III eleetriilt'iie prueesse.s the tiilie tn he jirilei'leil is tiiathi a eathuile, t.r.. a 
iierraiive |«ili‘. iiv iiii'iiiis uf II eiuient ]sisseii til it, lliruiiKli the eireiihiliiix wali-r, 
fivtiii an atiuije uf /ine ur steel. The enrreiit rnav’ he tiimeialt'd nnirely hv ineaiiN 
uf a tiietallie niiiiile, ur hy tneiiiis uf an e,vlertial hiitlery ur iiiiilur (!etlei'iitur. 

" Ktec'lrulvlie iiinteeliun is the iniist iviilely nseil met laid uf alleni|itei) |iruteeliun. 
Its sinijilest furiii eunsists in tlni ust' uf itine ur steel iimlertur ,slaiis in the Miiter-errds, 
eleeti'ieallv eunneited with the tnlie plate cir nindejrser Ixidy, and the.se fuiin an 
ehs'trie cun[ile tvitli the tala’ tu )m’ |iiuteeled. The use uf ziije eiin lai very hrielly 
dhsmisaed ; it i.s iziferiur tu steel fur the fiiirjvise fmini several fKiinIs uf vtew^ in spite 
Ilf the faet that it is higher in the eleetrueheinieii! series; it is iimre ex|a’iisive. Itahli! 
tu reversal uf jsihirilv, and liahle tu funii Inmiifiil Jiruditels uf eurmsiuil whirli nitty 
pass iiitii the tiile’s: it is idsu liahle tu jjreat liKses hy exfuliaticni. 

■■ The n.se uf steel jiruteetur hlueks deserves mure euiisideraliuii. As in the ea«e 
uf zine. these lilufks furtli a euii|ile nith I he liihes. 

" The |ajitils tu he uhservisi in euntlei liuti «ith the use uf stis’l jirulcrdnf hlucka 
nnt stated Isduw, and iitiless dm; attenliun is paid tu llieiti, little ur nu pruteethm 
may he uhtained. These jxiints iire: -- 

" I, The symtiM'trteal distrilmliun uf fiie hlueks up|sw.ite and parallel tu 
the tnlK‘ jtlale, in tiiiilti-pass cundepserw hlueks shun Id In; platied 
at eaeh end uf each section uf the water-htix. 


'<t/‘dtl/l iilluy. ur ar- 
seiiieal i‘iip|M'] . I'uiiihined 
witli 


I 
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“ 2. Tho lut of ati many bloclw as can be placed in the water-box without 
Kcrioualy interfering with tube renewals an<f water circulation, 

“ II, Prevention of eliort-circuiting, »,c,, the faee,s of the blocks should be 
nearer to the tube plates than to any (art of the water-end. 

“ 4, Pro])er bonding of the blocks by screwing into the tube plate so as to 
tuuiiire. good electrical contact (it is convenient to omit tubes and 
screw the blocks into the holes they would have ocfcupied); alterna¬ 
tively all the blocks may Isr insulated from the water-ends and 
connect IS 1 by cables to the tube (liate, but this i,s more difficult to 
carry out efficiently, 

Kenewal of the blocks before they become alruiwt worn away. 

It. flood metallic conlaet betw-een tbe tubes and tube (date, secured bv 
insertion of a soft metal ring dut'ing (lacking. If tbe tolerance allowed 
between till' liiaiaeter of tbe holes in tbe tube plate and the outside 
diameter of the lubes be very small, metallic (sicking may not be 
necessary. 

■■ The [Pisitei'tion atlorded by .such block.s iloe.s not extend very far into tlie 
tubes, certainly not more than IH inilu's, and fr<'i|iiently less. Wlieie troubles 
due to cornwiim ami not to erosion oceni at tbe ends of the tubes, (iroteelor 
blocks may be useful; in [inictiee tbev frec|iieiitU’ fail, owing to iiujierfect 
installation. 

■' .Is an improveineni over .si eel blocks, alloy blocks Consisting largely of aliiniininm 
have been Used I'onsiderably, and apfS'iir to liave given distinct Iv Irntter results, no 
ihmbt owing to the greater curieiit generated. 

" It is logical to expi'i't tlial still larger eiirreiits genenitcd outside tbe i'iinilen.ser 
by a dynamo or secondarv battery, and kc[it at. a cimstaut value, say .'i to fi amps. 
(ST llltk) .sipiare feet of (imteeted surface, would be more elfei'tivc than the use of 
(iroteelor blocks. Well-kninvii eleetnilvtic methods of (initection have lieen finindeil 
on this prinei[ile. Their installation, of coui'se, i.s nuieb more e.\])etisive tllall tbe.t 
of blocks, and it is necessary to i'inplia.sisc tbe fact that their elTectiveiiess, as in tbe 
case of (initeetor blocks, is largely de[H‘ndeiif ii(ioii atteiitiim to a mmiber of details 
ill iiistallatinn and U]ikis-|>. 

" Tlie (irinciple of tile (itocess as a|>]iiied to sea water is as follows ; 

When an ai]Uts)Us solution of sodiuni chloride, such ns sea water, is electrolvsisl, 
sodium ions (mss to the cat liode and eiiloritie to the anode; water is also electnilvsed, 
hyrirogeu [lassiug to the cathiale ami iiydru.xyl ions to the anode. In theae con¬ 
ditions, hydrogen is given of! at the cathode and clilorinc at the anode (owing to 
the high over-voltagti of the oxygen). Owing to the removal of hydrogen ions from 
ttio cal bode, the liijuiil surroimding it Ixicoines alkaline, since there is an e.xcess of 
hydroxyl ions. ('oitHeijiiently, tlie cathode is surrounded by a dilute solution of 
caustic soda, a solution that only very slowly attacks brass, at condenser 
tampenitun's, 

“ In addition to this, any calcium which exists in solution as bicarbonate is 
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precipitated on to the cathode as a thin film ol calcium carbonate. This film has 
some prot«cti\x- value. 

*‘ Points to which attention should be jwrticularly directed when itufallitm 
electrolytic protection arc the proper insulation of the anode, and ita location luarer 
to the tube jdate than to any isunt of the water-end {to tt\-oi<t sliort-cin'uitinjj); 
nieasiires should also )« taken to prevent tevetsal of jailarity. 

The claim has been made from time to time that ecirrosion troubh-s, whether 
in boilers or condeii.'icrs, will cease to exist in any plant in n liicli elecirolvlic pnilwlion 
is projjerly installed. This, ho never, is not the case, ('(wrosiim iilutiotueiin are 
too varied end complicated in character to be siLsceptible in all cases to the same 
remedy. It is a fart timt ex]wriim‘ntal data obtained in the lalsintiorv. as W(-l! as 
observations made on plants with the eleetrolytic ]irotee1jo]i pro|s'r]v iiistnlhsl and 
working under practieal conditions, lanh laud and marine, show that such a widi- 
chiiin cannot be substantiated. It Is true tliat under a varietv of eonditions good 
resiilf.s have been obtained: in other eases, howevi-r, little or no proteetion lia.s 
bis’ti alTorded. and it is obvious I hat one ol llie eliief ditiii-ullies in the wav o( the 
])nieess is the j)ro]S'r distribution of the eurrent over tin- wliiih- of the tube surfaei-s 
to he protected; u.siially proteetion i.s imist elleetive at the ends of the tiils-s. ,\ 
jsissible cause of the failure of jiroticlhiu under cerlaill ioniiilions is the mixing ol 
the cathode and anode reaction products, so that tin- i-athoiie is no longer Itatlnsl in 
eauslie soda .soltilioii. 

'‘due of the jiritieipa! prohlem.s met willi in praeliee. when utilising ehwtrolvtie 
pr'iteetion. is the pro|s'r liisnlation rif the aiiodi-s from the rest of the (siiliienser. If 
this insulation should break diiwn. or be even partially iiii|siin'd. the enrreiit. will, of 
eoui>e, la- short-cireuited thrrmgh the hi>i]y of tile eoudeii.sr-r, and only a small 
|sirtioii will tliid il.s way to tile tubes uliieli are to Is- ]irotei’ted. It i.s by no means 
an easv thing in jiraeliee to inaintaiti the eojiipleli- insulation rif these anodes for 
long [H-riods. and some of tin- rei-orrleil failnrrs of el is'I roly 1 it- protis'tioo are to ho 
traced to this cause. Tliere are several patents wliieli lieal with the best meuil.s of 
maintaining the in.siilalion. and the ditTerellces between a iminber of the eliK-trolytie 
ppicesses now on the iiiurket are largely due to the different methods of insulating 
the anode. When using eleet roly lie pmItTtion wwk ly tests should be pijuie to 
ascertain that each anode is working jiroiwrly. and it is adrisable to jilaee the 
instnilalion in the liaruls of firms exjiei'ienced in the matter. 

“ From what has idready been said it will clear that electrolytic |irolisdion 
w-ill be mast effective at the ends of the tiibe.s. since the sfei-1 anodes are nis-essarily 
situated in the wafer-enils, and most of the protecting current will pass ts» the lube 
plate anil tube ends, la-ss and less current will jwss to the tiilie further in the con¬ 
denser, and a minimum w-ilf be rciM.-heil at the centre of the length of (he tnlKi. The 
protwtion afforded will be projarrlional to the current, and will be least effective at 
the centre of long tiibc.s. Thus the conditions iiKist favourable to the pnas** are 
short tubes in which the trouble is confimsi to tlie tube ends, and in which a com¬ 
paratively low water s]Kied is used. Very shallow water-ends are not favourable to 
the process, owing to the danger of short-eircuiting. 
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“ A ((iiiti! different nifitlioti of water treatment has been proposed by F. do 
WiirslemlMjrfter, and is tli(^ subject of an En^lisfi patent. The nietliod is based tm 
the iih’H ()mt local corrosioii is due to alkalinity (which causes the precipitation of 
Iwwir salts) and that if this can bo pri^ventisl I'JCal action will also be arrested. Jn 
order to jirecent alkalinity a very dilute solution of ferrie chloride is used. This 
tiiay be iintdiiced by oti>et rolys ini' sea water between iisiti electrodes, and p;kssiiig 
the uiiodie proiliict only tliroiiadi the tubes to be [irnteeled. Tilt* cathodic ])roduct, 
caustic soda, i.s juevented fisiiti enleriiif; the condenser. It i.s not, however, e,s.sential 
U) this method of protection that tlie ferric chloride solution should be |irodue(sl in 
this jiartieubir way. The writer has no knowledj'e of tliis process on a itractiral 
scale. Some roiitfli ttLsts liavi’ slitiwii. however, that if tuls's of Admiralty allov 
t*e ke[it imt)iers<sl in warm sea watiT in Hlileli strips of iron ills' also immersed, but 
not electrii'ully connected with the tiils's. fla; aecimiiilation of ro))per basic salt on 
the tubes is taueli le.ssened, and local aelioii is largely arresteil. The brass remains 
hrixht yellow in colour and is slowlv at tackl'd by Kerieral I'oupheiiili}; and more 
partieulai'ly aloiijt scoiv lines. This sugirests that any ^reat e.iicess of ferrie chloride 
sliould be iivoidi'il. and only just etioiijjli used to ]iis'vent the precipitation of eojiper 
iNisie. salt. This can Is'st be disided by trial and I'l'isir; in aiiy ease llie iiecessarv 
roneentriiliim is very low, and le.ss than O-l per cent. If this process tie of value at 
all, the special flitlicully of firoteetiri^ the middle of louo tatii's slimilil disappear. 


"y {./) TUHK fbKANlNt; 

■■ Attention may iir.st he directed to a rather im]sipidar palliative for t'orrosion. 
namely, tulie eleaiiiiio hy roddino oat with wire hriislies, etc. In eeilain eases this 
wiuild no dinihl !«■ iiseflli if it cinlid lie carried out .systeinatiealty. rnfoitunaleiv. 
it fre<|uently liap|S'[iK that the pisici'ss is ineonvi'iiieiit. and (his nmv piirtlv Is' diu' 
to the reslrii'ted spaie in whieli the eniulelisers are snmetinie.s placed. In any ense 
it neceasilates the ' layiiitt olf ' of I he eondeiiseis. In lui case. Iiuwever. should coke, 
('linker, weed, woes! sliavintci. shells, etc., he allowi'd to remain in t he tulles or ajrainst 
the ferrules, even if they aiS' not cuinpleti'lv’ chokisl. Someliiiies these sulistalars 
are lield in isinlaet with the I'erniles as lonj; ns water is passinn, and thus set ii)> an 
attack on them, 

“The alternative to cleaniiiK by I'oddiiitj out is to clean by the use of acids, 
]s>ssibly followisi by roildinj; out. There is somethinji to he said for this idi'ii. For 
itistauee. it is shown that certain foreign di'|si.sits which set up local ('oiriision are 
fairly easily soluble in cold aciil, wliereas brass alloys are but slowly atlaeketl. Why. 
therefore, sliould not these dejMisits Iw dissolved otf and local action .sto])ped ! 

" There is no doiiht that liH'al action at any given spot could be stopped in this 
way. Nor is there any serious dilliculty in using the acid, «inci‘ appliaiii'cs are already 
on lhi> market for getting rid of the si'ale from condensers whieli are wurkesl with 
hard w'atet. 

“ Now, although it ls [wrleetly legitimate to use acids for the rtuiioval of calciiini 
carlxuiate dejaiHits when these become so thick ns to imjiair si'riously the trans- 
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of hont. yi‘( thvri* is sii olijis'tiioi in llivir use jii olhi^r rHsi's. Tlio hiircf 
.-arboimU- MiiliTs iiri' not seriously corMsive us Jt rule, uiui wiieii tlu' inns' tiietnl !ms 
l)wl) eXiioSHl liy (he Iicirl lliere is little (liili^er of it Ix'itiu lueullv iiltitekeii when lire 
tiilre is ii|;ni]i in use. Soon ii .seule will iijtiiin fonii itnd jirnteet tile tillii', 

"lit sen uml estiiiirine wafers, however. I'eally lliiek ile|hosits of I'uleiiirtt eurl uniat ■' 
si'iite me riirely (oIiikI. e.\Te|>r at the eiiiN of tula's; hut lulies liis'otiie eoveivil with 
(hill coiu|«istte .sfiile.s. eousi.s(ru|< of ealeiiim rtirlaiiuiie iiiii! siil|ihate. hasii eiirlKiimtes 
anil ehloriiles of i'o|)per null ttiiie ami o.viijes ami hvilinvides of these met ills. Tile 
|>r«iiairtioii.s of the various iiiiisliliieiits of llie .sriile ililler at ilitferetil |«iiul.s iiliuij; 
a siifeje tula', anil in ilifTei'ent tulies. Soiiie of the eoiisjitueiils also unih'i>{o r)ian^i',s 
with tiiiie. teui|ieiature. ami seasonal varialioii in llie i ireiihitiiit! water (siieh us 
oeeiir in esl iiiiriiie l otiiiitioii.s). Iti fae^, the .scale iiiiiy liismiie lot ally liiiNe to set 
iifi rorro.sive action, or it mat' lie lot'allv ^iroti'ctive. 

'■ Siiiiieliiiies the scale iiiav I.Mreiiiele laoteciive tlioiieh i|iiile lliiii. say 

inch ill (liicliiiess. In siieli cases it usually toiitaiii.s a coiisiileralile |iro|sirtioii 
of caleiniii stil|)liiife, as Well as ifirlmniite. In nieli iiises it iiiii.sl. a|iyari'Ully. have 

I.. foriueij slowly, .siiiec tlie auioiiiil of eah iiiiii >iil|ilia1e in .sea water i.s ijuile stiiall 

(less than II I jier eeiit.). 

"Such a scale itiav. i‘.\et'}iT]oiiallv, lie foriiieil over llie iviiole siirfaci' of a tiilie. 
.\ eomlitiou of its forioaiioii is dial, in t he ease oj'a .shiji. tlie .sliiji shall not eucoiiiiter. 
iliiritio its early life, liailly corrosive conclitioiis. ll it i!o so. hs-al allaeli iiiav Is- 
.set uj» at cc'i'iain spots, ami tlu' piotis'live seale nil] not Is' foriiiecl over siieh s)k]|.s: 
it itiav. hoiii'ver, lie formeil over llo' oeiiiral siirfaee of 1 lu' tiilie 

" It is I'li'ar. tlierefoie, dial tliou(;li the aeici may reiiiove I lie liiiniifiil i(e|iosils 
ivltieli cause local ac tion, il will also itisiiih fiialc the protis live scale' whii'li coiituilis 
calcjiiia anil ollii-r caIliriiiaIrs Siili.scijaeiitfv to the acid Iri'tilmint. therefore, a 

new tube- surface will I.vjio.siil. am! lliere is a reiiewiil rlaiij'ei ol hsal aelion 

fiejciiinuio ow iiiit to I he aiiscTLC'i' of sciile. 

" Kverv time the acid i.s iiseil there will in' an increaM'ii (Kissiliilily of .s|arliii(( 
new pits. It is true I hat thr' progress of the old ones will have Is'eii eliis'lo'ii, and 
il nii^lil lie dioucclit tlial iTii'i-osioii wunld liriM' Is’eii evened up. wliii'h is a very 
riesiralile tliiuit. There reiioiins die jiossjiiiJily. luiwci'er. tliat eortcisioii niiylif iiiake 
a new ami iiidejietiderit start at one or more of the cihf pits where tin- tiilie wall is 
aln'UcJv tliiiiiii'd. and tid.s vvoahl Is' disa.slrotis. Ulietlier il did so or not would 
be piiri'ty a matter of rhaiice, 

" Till' Hsiiiil iilijcs'tion raised to acid treatment i.s that tin- direct atlaek of the 
ueid on the metal ivoiihl be serious. Ks(s'rimeiits have showtl, Imwei'er, that if 
cold ueid be lusiai in eoneeiitriilion not nnicli iii'ire than siifiicicut to iiltaeli ordiiiiiry 
.sealeSj this factor wciuld not be u si*rious orie. as tlie acid tri’afrueiit is tint 
prolonnerl. 

" .Is far ns the prejcettl author i.s uwate, no data from prartiee as rejtartls cold 
acid ttvntuiciti for corrciiJisi liihe.s ure available, utid tlm inatler is mentioned laa'aiisc 
if affnrci.s an opportunity of dealinff with the ini|a>rtnnt matter of sc ale fciruiatioti. 
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*> 3 («) OXIDISIXti ANNKAIJNG AT A LOW TEMPERATDRE 
" In tliK opinirin of ifii^ aiitlior tlicrc ix now sufficient evidence in favour of the 
use of low tenijsrrature aimealmf,', say three liours at 350” C, in an oxidising atmo- 
s|jlipre, til jiistily its more exteiirled use in [iractice for 70/30 brass, 70/29/1 tubes, 
and, (S'r)ia[w, urseriicul eoji|ier, 

" That tubes so trejiteil will fail under extremely bud conditions is ijuite true, 
but when coniiitions are not so bud, but still bud enougli to cause an annoying loss 
of iMitreuted tubes, then the jiroeess a|i[)enrs to be of use. It bps the advantage of 
adding only a trifle to the cost of the liilu's. Specifications might well contain a 
clause calling for u finul annealing at 350 ' ^ 35' in an oxidising atmosphere, the 

[irtM'c.ss //rV to be followed by pick'ling. • 


‘<2{/) I'UOTKtTION HV LAYERS OK INSOLURLE SALTS 
"Sometimes tlw carlsinate scab-s on tubes arc of great jmitecfive value, and an 
obvious iviiy of preventing corrosion would seem to be to prepare artillcially such 
scale.s on the tithes before tliev were jmt into usi‘. 

" Many attempts have been made on tliese lines, but witb only partial success. 
Otic of the. |irinci|ml difficultie.s a|)|u‘ars to be the time factor. To get a really' strong 
resisliitit scale, the deposition on the tubes mu.st uiiparently be carried out slowly— 
lixtellded perllajis over several muiulis u procedure not practicable cominercinlly, 
ScabsH of iiiutiy different tyjs's have been prepared and testeil, but unless they have 
becti very slowly produced they Udiave in a rather curious way. They may give 
apiiarelitly excellent, ix’sults for a time, but at last hecorne locally jiorinis, atid then 
swell till to form blisters. TTiese blisters linally break and an enhanced attack takes 
place at such areas, and the initial protection of the scale is thereby more than 
neutralisisl. Such local attack ap|S'ars to he due to t he fornuil ion of a ‘ concentration 
cull' and is simitar to ati action which causes local pitting when naturally forinerl 
scales fail. 

This liraneh of study, however, hiw lint yet been sufficiently explored, and there 
i.s still hope that something of value may be fouutkalong these lines. 


“V(g) PROTECTION RY MKTALLK LAYERS 
“ A process that seems inori' immediately practicable is that of lead-lining a tube. 
Tubes lined with lead alloys and witli lead itself werti used by tlie (lennaii fleet 
during the witr, and us far as can be gathered, gave good results. In order to secure 
adequate jirutcction of the tube it is necessary that the layer of lead should have a 
certain miniiiiuin thickness. Very thin layers, though apparently continuous to 
the naked eye amt to inicniscopic observation, are liable in time t<i become slightly 
jwnius. In such coses water slowly jieuetrates to the metal beneath the lead, 
chemical change begins, and the lead lining is liable to come away in flake.s. The 
technical production of linings sufficiently thick to resist this action is, however. 
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posable, and fubwi so lined r»n bejinslnced cHninuereiallv in this country, if a demand 
for them sprinjp* up. They should only be used witli low wster-siMS'da, 

“So far it has lu'en su)i[wsed that the tubes to iw proteeted were either TO/.W 
or Admiralty alloy. The next ]K)int to TOnsider is the jsissjble use of alloys otliw 
than these. 

“The jirincijial factor to he taken into aeciumt in the choice of a tulw for con- 
flensers is, of course, the nature of the water sii|i|)|y. A viwv niuyli chissification 
of the character cd industrial vraters as o-^nr^1s ismdejisfw luhe ei>rrosi<m is ((iven 
Ixdow; it is based on the cuse.s of jt<sid and hiul heliavimir of lubes that liave eoiiie 
l>efori; the autlior, and i.s Ueressarilv ineuiuplete : 

“(I) ^^aters eoiilaitiiii)> little or tin diloriile, hut iiiueh laleiiiiii salt an<l of 
liieli teiii[ioiflrv hanluc.ss; e.y.. 1/iiidon water. 

“ (2) Wateis (smiainine little m no chloride and !iiw in ealeiniii salt and of 
low tei)i[xirarv hanliirss. hut liiph in lii.ssolvisl Cll^: r.y.. Isike 
Vyrnwv water, eerlaiii Au.struliim waters, etc, 

“(.’!) Waters liit;h in cliloriiie. hut ismiparalivvlv low in tlis.solveil t'Oj. 
such as sea-watiw. 

" 1 1) \\aters witlt lorirhwate ehloride ci)i]1enl. hut 1lahh‘ to taaitaiu eotishier- 
ahle amounts of i!i.s.so]ved t'D^ al leitaiii limes ol the year: I’.ff-, 
eertaiu estuarine waters, sueli ils lower reaehes of the Tyne, 

“ .All these wateis are miniiallv neutral or .slijihlly alkaline to uielliyl oraii);e. 

" (b) Waters acid to iNetliel oraii)'i', ilUilainiuK siuall aiiimiiits of free 
hvdriK'Iilorie or suljiliiirie acid, e.y.. eerlaiii laiial waters and certain 
docks. The aeiilily iiiav he due In oxidation of St)^ in the nlliiO' 
.sphere, pvrite.s, etc., or to luid iliscliar)(es. The acidity may lie 
teiii|s)rary ntily, 

' Waters condensed in eonliii)'towers do not fall into any siieli f^etleral elassifiea 
tioi). .since their coiiiixisition gradually ehiiti|;es owiii); to salt eoncentralion. 

“ I. AA’aters of the (intt ty[S' are not usually corrosive to brass alloys, and 
eondenser tilings I'enerallv .stand up in them for many years; 
hras-s or .Adniirally alloy is all that is n'lpiinsl. 

■'■J. Waters of the iw'cond 1y]ie are freijiieiitly 'treated’ in this eniintry 
In brin^ up the ealehim earlHiniite crmlent. If lliis is lint done such 
waters may serioiislv attack brass tubes. esjH.s'ialIy if a trai e of chloride 
is present. In such eiLse.s it is advisable to replace Hlj'Mt brass or 
Admiralty alloy tubes by snnie alloy containing neither zinc nor lead. 
":( and 4. Waters of the third and fourth tV|H‘s. but [larticularly the fourth, 
are those which give the most friaiuenl trouble, and for sonic cases 
it is very desirable that u lietter alloy than brass should lie discovered. 
Ill the first in.stanec Admiralty alloy should lie used; if (his fails a 
!i jicr cent, lead-brass tulie is wortli trying for eatuarinc-waters; 
altcrnatiTOly, a copper-tin or an tfO/5W copjier nickel tuiss in the bard 
drawn state; but it is here that a new type of tube is meat wanted. 
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'■ 5. WatiTN Ilf thii fifth tyi«- lii'havc <iilT<-i-ciitl_v fn)iii all the others, in that 
I hi; tiila’s iisLinllv fail by Ki'iuirai thinning; instead of by local pitting, 
etc. In such cases ursciiicul coi>pcr tubes arc su])<!ri(jr to braas or 
Admiralty alloy, and copper nickel is still butter; the water 

spued should be kept low. 

'■ ft may be said gciieraily that coinparatisely few alloys other than brass alloy.s 
and iirscnicul copper have been siiiimitl ed to thorough trials ululer practical conditions, 
unil must of the.se have been ro]i[icr alloy.s cnntaltiiug nickel. 

“ The use of nickel, within the limits allowed by cost, apjieatts to be sound in all 
cu-ses in which chloride wiiler.s are coru eriied. In .such waters chlorides of the coil- 
stilueut lui'lals are liable to lie forineil, ami sip'li chlorides may lie highly destructive 
of the allov. I.C.. the ulloy contuius williiii itself the seeds of its own ile.struetion. 
Thus eupric and enjiroiis chloridi's are actively hariiifill snhstunces and corrode liolli 
cojiper and lira.ss. Cum [sired to tliese siihstaiice.s, however, nickel chloriile is a 
hiiriiiless material. Thus it would seem to he the logical tiling to replace as much 
as jaissilile of the eop[M‘r of an alloy by nickel. Tlie zinc, too, iiiav be wliolly or 
(lartially re|ilaeed bv nickel, giving an allov of tlie tlermaii silver Ivjs'. 

'■ As far as tlie aill lior is aware, the alloy highest in iilekcl that has yet hi-en tried 
lor (;<>lidi'n.ser tuhe work is monel iiielal. Trials were carried oii| in ,\iiii>rica some 
vears agtr. anil the resnlfs are deseiihed irv Siiaw tspiiiTow. The luiie.s werr‘ staterl 
to conlaiu till per cent, niikel, iS per cent, copper, uml :i per i-eiil. olln>r metals 
(iron, Sliuw S[iarriiw (oiiehuled that Tiionel metal is not proof against cor- 

viision ill suit water, and showtsl photos of tiilies haiily r iii ro[lisi after one vear and 
eight iiionths iii eotiiieliser siuvice, and another after only eleven mouths after 
simfilc iinmer.sion iii .sea-water. These results are rather discouraging, anil it is 
[lossihle that llu' II [rerr’imt. * othiT metals ' had a good deal to do with I hr‘ result ; 
[irohalily iron was one of these, and its had elTei I on tiiass has alteailv been 
noterl. 

As regards rr‘sisturns' to ai'id waters monel metal lias giv'en good resnlfs. 

‘‘ .\nolher alloy r oinpalatively higb in niekel tbat has been given a fairlv e.vteii.sivc 
trial is ihe 'Jit |ier cent, iik'kel alloy with eopper. This alh'V was put oil the imirkr-l. 
ill .Amcriea under the name of iienedht metal. It has the imii.siml property of 
permit ting working right down from the hollow-east shell to the tlliished tube without, 
intermeiliale annealing, and the resulting tube is stiff eimngli to bo used of .slightly 
tbiimer gauge tlian the usual IH gauge. 

■' I'nder e.stuarine eundilions these hard-tirawn nickel-rop[ier tidies have given 
good results in this country ami in .V.merica; the I'liited States Xavy luw< given an 
exleiuive trial to them and favouruhle results have heen n'lsirted. 

'’Such tulH's [irohahly have a futum iR'fore them. They are by no means 
iiH'orradible in sea water, but tin not ap)H'ar to be so sensitive to variations in con¬ 
ditions as brass alloys. They are now being made in this roimtry, and since they 
have a reasunalile scrap value when worn out, are worth a trial where ennlinual 
trouble is encoimtered with brass tula's. Tlien* is some ri'ason for thinking that 
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the*!' tlib« wilt not tx'liavi' well whi're tbo watc-r dprerfs an' liigti, lilii li or tt feot |>pt 
gecoiid ond over. 

“ Tubes with lower ]iem‘Htageii of uickel. socli as 5 nnd 1(1 )wr eeiit.. ore also 
being produced, but for sea water and entiiarine work it rihtur proliikMe tiie higlier 
proiRjrtiou of nickel i.s bi-tter. For certain fn-sli-water coiutil ions die lower ]R‘r- 
centage.s might be .sulKcielit. 

" AlMniiiiiiim copjier Hibe.s. eotiiaininj' niiiouiit.s of ulumlriiuni up (o H jH>r cent., 
have beim pri>|Riseii niid Iriisl from lime to lime. .Aldunigli tuU'R of I his alloy 
cannot be relied ii|Rin in sea and estiiririne waters, it mar Iw iif interest to refer 
briefly to tlieir Udiavioiir, which is cliaracterhstic of a large class uf tsirnision 
])lieiionieiia. 

“ If, say, an N |st cent, iiiloy be tested by isimplele inimersioii verfiealiv iu 
sea wafer, it iisaatly lijippens that vA'y Itllle attaek tiike,s pliiee, and the hIIiiv may 
Ih' rejKirted a,s jmsirrodible even at the end of iiiaiiv months or even rears under 
test. If the alloy be ,submitted to a waterdine test, i.i-.. suspended bulf in and half 
out of ,sea water, a consideralile attac k ean usually be seen to lake place near the 
water-liiii'. The act cud attaek is piileliy, and tioes not. esteiid all round I he waterdine. 
The usual e.vplaiiatiou of such an attaek is that it is due to the deiHilarisitig aetion 
ofihc'uir. but this can readily be shown to be an iiisullieieiil e.vpiaiuil ion. The aetion 
is realiv dm* to tin* hceal stieking nf ecTtain pcodiiets cif isirrctsioii, and dews not fake 
filio'e to a tioticrable e.vletrl if soeli aetion be* [crei‘euled : the* eJaouir*]]] aetion of fbe 
air imTea,ses the rate of loeal format ion of luirmriil produets, 

".Mtlamgh the geiUTal alliitk cm the* .surfciee of the lube is shew, vet in lime 
fcTlatii produets will foncc. Icecscuie detachecl. and thcal up to the wciler-liiie, and 
(lie.se mav start an attaek. The cctlccek will take some lliiccc to c)evc‘|ol>, sinee the 
itecumidaliiiii of products is shew. It hen cinec* stcirted. the attack is very vmleiil. 

" If the* alhev he tc'stcsi hicrizciiilalb ill (he fccriii cef a tube', then* is always tile 
[Rissibilitv cif corrosion pncdiiets siii king Icc the Iscttciiii cef (he tube, and if this oeeiir 
be fore a tirciteetive scale is foniied on the tube, very rapid failure of (he tube may 
n-scilt csensiderably more* lapicl than ill the ease of 7(1/31) brass. 

'■ III |iraefi(e in tsindenscTS it has bc’cti found that tubes of this iilliiy ninv give 
either i|uiie good or verv liad results. Somelimc'.s they give good results for a lime, 
and then fail sueidenly in large* iiunihers. They lire, in priietii'e, uiiveliabii*, tlin 
(jUality miwt to Ise avoiiksl itj eondi'lisei (iihes. 

" It li.a.s heeii fenitiil [)os,sihli* in re'ciit years to draw eopper-liii alloys into fiibea 
sllilahh: for eondeiiser work, Ti'Sts have been made! on .h |>cr cent. |>li(ne)ihor bronrai 
tithes am! on 1) [sT cent, tin hronze tuls's. The fomitr have not belmvi*d well in 
si'a-waler. and tin* latter do not appear to olTer any isiasiderahle advantage over 
Admiralty alloy. In waters wleieli rc'ijiiiiv an alloy that dors not contain zinc, these 
tubes are north ,a trial, 

“ Little is known at jiresi*n1 tm to the liebaviour of triple alloys oltii r itiaii tin 
and lead brissea. tVrtain alloys of the copper-nickel-zinc or fJertiian silver tyjie 
have been tritsl. but though they resist general attack jirelty well, tlie*y are some what 
liable to rapid local attaek. Triple allovs of copper-niekel-alutiiiniuni apjiear to 

f» 
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be more hopeful, and an; now beinj; tested; triple alloys of copper, nickel and 
manganeite are also im<ler test. 

" It in probabli' that a lar({(i niiiiilMT ol trijile cojiiier alloys would be suitable for 
condenser tubes luecbanieally, but eoin])anitively few as regards corrosion, A 
considerable fiidd niiist tberi'ftjre lx; e.\))lored to pick these out, and this work is 
now Is'ing eurried f)Ut. 


“ Mtmurnndn 

“ I. L'luler all nrfliiiitry eircuiiLsIance.s use tubes and ferrules of Admiralty alloy 
(7(t/21l/l). h’or i‘Xce|ptious fruni this riilip .see body of pampblet (i«ge 127 d seq.) 

‘*2. (iive prideretiee to tiibips iti wliicli the iron is guaranteed to be less than Od 
]s!r cent. * 

■■.‘I. A clause in s))i‘eilieatii)tis culling for an oxidising annealing for thri'e hours 
at ti-bO' ^ 2.0' is worth a triid. iSuch tubes must not be Kubsequcntly pickled, 

■' 1. When local corrosion hiis once startisl in a tubi^ it is practically iin|>osHible 
to stop it, even by electrolytie protection, iiiul tubes are nio.st sensitive to bad 
conditions when new. ('onsisjiieiillv, never allow new tubist to become wholly or 
partially ehoked. but clean out as freipiently as ]x>ssible ; later in the life of the tulie.s 
this is not so niHiessiiry. 

'■ b. Steel protector blocks, if used iil all. sliould be juil into eondensers at the 
same time us new tubes. 

■’ (i. When using protector hlncks or any other form of eleetrnlytie proteetion, 
always use soft metal rings when luteking tubes. 

‘*7. Kleetrolytie protection by motor generator or battery is worth a trial if 
lube hisses are heavy. It shoiilii be applied to new tubes, and maintained cim- 
timiously, and not intermittently. The details of the iii-stHlIatinii reipiire careful 
consideration, and is a inatter for exjs'rts. f'areful watch must ho kept for reversal 
of jxilarit v, 

“ H, U’aky packing is a [sissible source of corMsioii uf tube and ferrule. 

“It. Auxiliary supplies of steam should be taken into condensers with the main 
su]>ply at the fn|>, and not scparatelv at the sides. 

10. An aiteratiim in water speed may have striking nwiilts on the number of 
tula* losses. No gwuiral rule can W given in this matter, but trials are worth making 
when eornision troubles are serious. It the vacuum in the condenser is low, try 
raising thi' sjs’cd I'lrst, hut not almve ti feet per second; otherwise try lowering it 
first. With very high water sj's'eds, such o-s 10 feet per second and above, greatly 
increased trouble is to be expei'led with arsenical copja'c tubes, and jirobably with 
some other tulw.s also. 

" II. h'oaming is a serious cause of increased corrosion, so an)’ (srssible measures 
should Iw t.aken to prevent it, f.g., stop any air leaks in pipe line or at pump. Water 
containing oil is liable to be specially dangerous. 

“ 12, Whenever )n»ssib1e, avoid exposing aeic tubes to attack by waters liable to 
be foul, such as the Manchester Ship Canal, the Tyne, the upper reaches of the Clyde.” 
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]*ART III 

THE TREVENTION OF CORROSION 

OIAI’THll X 

THE CONTUOl. OE IMPUUITIKg AND MANUFACTURE- 
CAKE IN DESIGN, ETC. 

It slimiltl III? Nt.iiU'il lit fill? (iiit.siit tlirit tliti licudiiif' ii<?t'iiit|n! to tliis siit'fioii is niis- 
IwuUnt; mill opim tn iTitiiism. “ Tim IViivriitiDU of (.'nrrosioii ” is a ])u))iilitr form, 
and liiis Ills’ll rltiiHi'li for tliis rnisoii, hut. tim slibji'cts abiiiit tu bo ilisriissi'tl would 
1)1! Hum! iii’i’iiratolv rojirosontcil by tlii' titlii “ Tim I’rotorticin against (.'nrrosioii.” 

Jilost Ilf tim [iriitoi'tivii nmiisiircs wbicli will Im di'iilt with aro but imlliiitivos in 
till! scum! tliiit flit’y dll not alTunl juiniiaiu’iit (iruti'ction to tho inotal to ivbiili they 
art! a|>|ilit'<i ami iiolm of tliom oviTi’onm or ilostriiy tIm iiilirri’tit ti’lldi’liry of forrous 
luiitoi'ial to t’lirrisb'. Many of tlmii’. iirotirt tim iron or sti'ol at timir own i>x]ii'!isi(' 
and for a [ii'riiiil wbitli i'orri‘s|)oiids mori' or loss flosoly with timir own iioriiHl of 
|icrb'i’tio!i, and limy must. Im trt‘i|imufly roiu’wi'd if llm iiroti-rtioii of tho iimtal is 
tsi t-ontiiiim. TIuti’ nm but two aims wliioli aro ronuuon to all iirotoi tivi’ or |)rt’- 
voiifivt! nmasim's, filfmr (1) to rxi'liidc itirrusivi' infbmmvs from tim liu tal surfares 
tir, whvro Ibis is im|iraitii‘abli‘, to (tl) ri'uiovr tim i'nrrosivi‘ iiitlurnci's from tim 
vk’itiity of till! iiii't'il. 

TIu! |iriu'tii‘(! of a|t|ilyiiig jitoti’ftivi! roatings, wliilsl of undoubted valim, iiiiiv Im 
liketuiil to liK’kiiig till a Imuso with a tiuef already insiile it. Kts’ji the boiuse looked 
and all may be well, but the. thief is an iide|it in etTeetiug his exit at the weakest 
|ioint. This is jirewely wbnt iiui.st be antiei]iated with ])roteetive eimtings of all 
kimls, ,so long as tlioy are ninintaiiied sutliciently strong to [ireveiif the thie.f or 
eoTNisive liillnenee from ohtainiiig its fnieiloln, the metal will be [iroteeted; permit 
one weak sjsit and tlio goisls w ill be stolen or eorrndeil. To obtain tlie ideal, that 
is, nmlerial whieli is noieeornidilili', yet as safisfaetory from a meehanieal point of 
\iew. is not at present attainable. Init the time may eome when W(> shall have 
arqiiired the knowledge net'casary to prodnee such nietal. Aifvanres have aheadv 
Imen mado in thus diriTfiou. If, and when, this ideal is at taints I an etiormniis 
amount of time, la hour, and mate rial, whieh at present is ex{>endisl in postponing 
tho corrosion of iron and steel, kill be saved. 

Reverting to the tit Ip “ The Prevention of Corrosion." the methods available 
fall nsadily into the following classes— 
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1. I’ri'vtjutioii l>y iiii'iitis of <)xi(li> and Ndii-Metitllic (’ixiliiiK''. 

2. I’rcvfniioii liy mcain of Motallir ('oaf in pi, 
rrt'vi'iition by iiumiis of I'aini.'i and iiko inatorinls. 

i. l’r<‘i'i‘iiiii)ti by |)riai‘!i.sfti of WntiT I’lirilicntinn. 

Prevent ion l>v nii'aiis of Klirtrolviie tiK'lliixIa. 

The fitxt thri'f <'hia.«i‘s fimi’tion iiy exvlutlitif! eornwive inliuenveri or ] ire venting 
their iieces.s to the liiet il mirfaiv, iind they aiv widely employed on both Hiriieinral 
and other cLisees of inaterijil. Metliixle I and o <i|a’rjite hv reinovinjj eorroaivo 
infliieiiees. or in the lust ea.w bv overeotiiinj; them, and are iii'iniipuliv eolilinod 
to till' alleviation <if eorro.eioii troubles nhieh ari.se in the viirioiie iinitH of steani- 
raiKino phnit.s. and whieh eonstif^te one of the most iiii|xirliint of eorrosion 
Iirohletns. 

There miaht also be inehided varioii.s preeaiitions, whii'h in themselves apjaair 
.soniewliat trivial and insionilieanl, and whieh may, in fael. Is' aeliodiy of but minor 
itu|ior(a(tee. for lliiTi' is lillie doubt that, of tile fori'es worliin); for corrosion, Ihotui 
e.vternal to the met i] jire verv mni')i more powerful than those iiilierenl in the nieUil 
,ind are mole raphl in Jietioti, iind that to seek to eorri'et lliese latter is. more often 
than not. ita'iiiii|)alibie with tneeliniiieiil and other reipiireinetits. N’evertlieleSH, 
wheti tbe.se precautions are disregarded, tliei" add to the total of llie. corrosive forea'jt 
whieh alt.iek the (Pe tal. If tliev ari' appna iated and paid the iitleiilioli they iiierit, 
the ii.setnl is riisi of servil e of the metal niay nfteii be inen'asi'd by an aeeejilabin 
|srie!itaye. .\lanv of these piiints will present themselves (iiiiveiiietdly in other 
fairtioiis III the text, hut soiae of the more sittnilleaiit will now lie brietly I'oiisidnnal. 

Till lirst preeaiitiiiii is one which jiets well down to the mol of the |Tohlen>, but 
it is, iinfortilnatelv. one which is not naldilv |ilil illlo prai tier, imiiiely, earn in tllR 
iiinniif,ie(are of the malerial. It is pnerally aeeeptisl that the eureful control of 
impurities ami the hiimop'iiisins and unilonii disirihulioii ol ewiilial i onslitiielita, 
eoiipleil with a suitable and larefiillv eoiitrolled heat 1 reatiiiciil. will pi far lowiirda 
iiiiproviiiii the re.sis1:i>iee to corrosion of iron or of steel, simply hy ensiirtlitt a ntiilonn 
proilui t. Tile craze for Iiitiiia{:e is probablv resjsmsible to a larife extejif lor thu 
reputed ]*ior resistivitv of many modern eommereial irons and steels, Hrt(h sjsiod 
[insliietion and methiMls of unrkiiin tend to result in a met il which is |Kimil(t, 
hetcroaeiieons, and eotitains iscliided pisi-s and variials other impurities mid in 
which are develo|S‘d internal stresses and .strains and sepeyaliotis. alt of which urn 
deirimetita! from the |siitit of view of maistivily to corrosion. The reniisiy lien, 
of eoiirse, in more carcfnllv controlled jiroiluctiiai and siiliseijueiil Working mid in 
annenlinp wherever possible. Kor imjmaiifite isamornie reasons these [mints are ofUtn 
disrcptrdiai (except, of course, where such treatiiient is essenlial to desired 
nierhaiiicnl pro|ii-rties), siiicu most of the metal jiriaineed receives some form nf 
protective isiatinj! when [iiit info servin', ami if nitist be iidmitbsl tliat in many 
CHse.H this di.srcpird is jn.stified, not only for iintimdintc, but also for jjetieriil economic 
ronson.s. 

There i.s a wirle range of niaterijd, liowever, which, by reiisori of tliu ruiturti of itc 
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Hervirn, must rttiimiu un])ri)t<!CU!d. The ineehaniciil conditions, for instance, may be 
BO s<ivere that no {jrotfsitive coating would survive even a few hours, and other 
nUernutiveH which may Is- tivaiiiible iti the caM of boiler tubes and economisers, etc., 
are eijiiaily itiipnictienble. The |»r(werv*itii)ii c>f lids jatrlicular class of material 
would si^cin to be attidnible only thrtmffh an increased resistivity resulting from 
chemical jairity and uiiifipriiuty. This is nlniost entirely in tlia hands of the 
nmnufactiinu. 

It is of littlip value to ciin|r;ist unfavimrably our hkkIitii jiroducts with those 
of cilthui ilnys. Obviously tlawip is no coiiiisirison between the conditions under 
which the ol'ier nniteriul served and those to wliicli most of the [iresent-day inaterial 
is siibje<’t(‘d in the large inilustriai aripiis. T)ie [prevailing industrial atPnos|ilu'ric and 
g«Mieral coiiditipJtis an; su( li th it tln‘ best of theeld materials w<puld n'quirt'artificial 
[ptoh'ctippo pjf sppliie hind tP) ensure tht;ir jpeninimnice, that is assmning, of coursia'that 
they would fulfill tlx; uu'ehaiiicpil nsiiiireiiiPUits, It would not seem worth while, 
then‘frpn‘, tsi revert tp> the rpider aap| riHprp; toliipiis methods of [prod net ion in ortU‘r to 
obtpiin nmt<;rial whicli in itself is but pi few plp’grees nion; resistpiiit and which will 
still ret[iiire the spuiie aiTifkial [prpptp'ction ivliieh is glvt>n tpp <mr iinalern metals. 
In (lamy instances the niPS'lipinicpd conditions to which mt;tals an; snhjp'cttal whilst 
in sp-rvicp' mpiy often Ipi; clin’Ctly res[s)nsibl(; fipr Ippwering their n'sistivity. Metal 
innv be strained Inpyppixl its elpistic limit, for p;\ani[ple, Pinil tliis, as we knp)w, is 
e<[uivah;nt tp> faeilitating elputrpplytic pictinn. 

The ph'siga of struct iirjil matevhit is aiuptlmr [upint tpp wliicIi attention might be 
drawn. In this class of matcrnd there ipceiir opjaprtunities for [putting into [iracfict; 
eertpdn [preeaiitions which tpniy Inive Ipenelichil elTects on tlm iifp' of the striictiire. 
Cam in design cJtn be p|ireelep|, not tpolv to reduce tbe risks ppr severity of eiprnpsinn, 
but also tPi fpu'ilitate the (UU)plovmeiit of priptiPCtive nieiisures. Wlu’rp'ver [possible, 
the nvohlance of lodging [places for luppisture ntnl rain should be an obi<'ctiv(‘. in 
liirgt; structures this is ncpt cptsy and is fris(nently iiiiispssilph; tcp arrange for, yet it 
niav ofleti Inqpjieti tiippt severe hs’pil corrosion, due dinaUly tpp siicli hslgments. occurs 
in [)]act;s wlicrt; it ihingeripusly wcpikens tin; wliolc structure, whilst the bulk of tbe; 
materipvl remains almost [perfect in c<PUp|ition. It may reipdily be innpgined, f(pr 
instpinee. that cppittinued corrosion pit the fp'ct of tie-rppds and stav-bolts, etc., is a 
lively source of dpingor, and it is usually found tlipPt these [phices are the ones most 
difiicnlt of access to workmen wlippn the structure is being re[jniute(i. The eorrnsion 
jprtppiiiets cpiimnt be elliciently nuiioved by the Hcrajiers, anil the new [paint's then 
a{P[>lied tip surfjices to whieli are adhering Hakes of rust and which are also ipften 
(laiu[p. The bust of [paint a|P[plied under such conditions is of little usi', corrosion 
jpns'uods underneath it and the aceuimilation of rust [pusIpcs away and rletnches it 
in a short time and tluui the ha’al conditions are just as bad as Ipcfore the paint was 
apj plied. 

The design should be such as to permit of ready accp'.ssibility to all [parts fur 
inspiH'tion, cleaning, and iv|Painting purjspses. Unnccessan' and ornpimental 
elaborations on larg»“ stt acta res ate beat omitteil in order to facilitate cleaning and 
TO{wit»ting, and on these ta'ciuiions the cleaning should be thorough both pvith regard 
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to old paint and to tlip roinplctt* mntivn] nt all (wtctica of rust. Tliia lattar |>oint 
ia one wlik’li i» oftrii itnprrfia-tly carriiai uiit. ii mil altojirt lior ni'Klia lvd. 

('oDtact Ix'twi'i'n disaiiiiilnr metals, am] even between di Here) it I\'|h‘s nl tlie aaine 
metal, aliould be avoided wiierever possible, Tlie reasnnatileneas of iliia observation 
ia Well iliustialetl by tlie imsisiire of protislioii wliieli may ia' lUIonled to iron by 
those methrMis wliieli involve the )iro]x'r]y eontrollial eon tael lad ween it and*o 
dissimilar metal. The dksiniilnr metal employed in these pna'esses is xiiie. whirh, 
hjivinit repird also to snjiplies and ehen]mess, is the iinist eleidrit-positive metai to 
iron. If aj'preeiable proteetion eaii be thus oblnimsl bv a eonirolled Kalvauie 
atimiilus. it i.s elear that the same stimulus, if ii neon trolled in direel ion. ean elTeet a 
eoiwiderable aeeeleratiotl in the rate of the deslnletioii of the iron. .Mueli of the 
non-ferrous materia! used in ( onm^dion with iron and steel is ehs tro iiejtiitive Ui 
these metals and may therefore dirertly assist in llieir eoiiosion. 

No two varieties of ferrous iiiaterial are eleelriiallv lieiilral to one amifher, and 
if in (saitaet the rorrosioii of the more elerlro-jaisilive metal wilt be iieeelemleil liy 
the pre.seliee of the less elect ni-posit ive variety. 

Where meehaliieal reijuiremenls will permit rejranl should be jjiven to these 
eoiisideratiolis, Kniiii a piindv eormsive jioint of vie«. it is not the best praeliee, for 
iii-staiice. to build a eomieii.si r of Mliieli the shell is eiist iron, the tidies of Ttl/tWI liniss, 
ami (he tula* [dates of some other eop|sT alloy, or to rivet boiler plates with any kind 
of rivi'ts otlier than those made from the same material a.s the ]ilales. 

til many e:ise.s it is possible to determine jireeisely wind are the most severe or 
virulent crirrosivi- itdiuem i s, and loateriol shoiiid he chosi'ri for siti iee under tlaviu 
c<iii<litioii.s whieh has been jinived hy e.vperiiaice to be the iiioal eajiahio of resistin); 
them. Smiiewhat .similar eotisidenil ions iijiply also in the ehoiee of pri diet ive ersil- 
ilios, thus a [lalvaiiiseil or other form of zirie-coated surface would not he chosen lot 
service where the conditions were known to he iieid. 
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Other bad features of the hot-dip pttjcesff are that it is economical only when 
worked on a latRC scale and continuously. There is often a considerable wastage 
of zinc, and the coating is not one of laire zinc but contains more or less of an iron- 
zinc alloy, ntid it is geticmlly .siijjposed that the solution pressure of such an alloy 
in contwt with iron and other impurities is greater than that of the pure zinc and 
its corrosion or rcnif)viil under adverse conditions would be the more rapid in this 
event. The ellieieuey of a zinc coating deiwnds upon its purity, continuity, and 
thickness, and tile latter is ]jrobably of the least importance. The relative merits 
of the various )>ri)eesses for applying zinc may therefore he judged on the basis of 
the purity and piwfectimi of the coatings they yield. Iniiintvomonts in the hot-dip 
process lie in the introiliictioii of lianiile.ss or non-corrosive flu.xcs and in keeping 
the IwiUi of zinc as pure ns [s)ssjhle. iMiirli wtirl^hus been done ami is still in progress 
in this direction, thoiigli the prms'ss is itself of such a nature tluit it is improbable 
that a very pure ziiie coating, applied in this way, will ever be a coimucrcial 
possibility. 

iS'Acran/wi«</. Tins process of applying jirobiftivc coalings of zinc Was invented 
by Shftrard ('owper-t.’ole.s about li)()tt, and since has been increasingly applied 
to the triuitineiit of a larger variety of small articles, such as screws, bolts, and 
intricate castings, etc., which ciumot be disilt with by th(^ hotdip jirocess. Hhcrard- 
ising c(tn.sists in isiekiug i ho articles with zinc dust into drums, which are then ])hcod 
in a stnall furnace, u.suiilly gas-heated, and (ether cuntiunally rotated at a slorr speed 
by power or turned by hand through about 1)0’ at fret](lent and regular intervals. 
The ivrtiides should, of course, lu; first (deaiied to remove dirt, grease, and scale, 
and the heating of the drums is contiuued at the correct temperature, and for the 
pr»tsw length of time, lifter which they ure allowed to cmil, opeiieil, and the articles 
Mi)inrated from the zinc dust by emptying on to a screen. Tlie ])rore3.s is not applic¬ 
able to large, nmtermi such as sliei't metal, eh'., but iii]ies and similar giiods may bo 
fairly coiiveiiiently dealt with. 

The advantages of this ]U‘oce.ss over the orn( just dealt with are tliat a [lerfectly 
uniform enuting is jircsluetsl, and that it is alloyed with the surface of tin; protected 
inctiil. Kurther, if the process is correctly curriisl out and controlled, the surface 
layer of the coating consists of pure zine. The temperatures em|>loyed are consider¬ 
ably Iwlow the melting point of the zinc, and nre therefore much lower than that 
rcspiired by the hot-dip jiroeess, and as also then^ iiisul bo but little wastage of zinc, 
the slierardising process is tdieiiper than hot galvanising, and it can, moreover, be 
workesl intermit hmtly with uo loss in economy, The main disadvantage in the 
Rhonmlisiug |)roeess is that, tmless it is very eureftilly controlled, both with regard 
to the tempemtiire and to the free zinc content of the dast used, very indifferent 
rcaults tnuy be obtained. It lias also been claimed that no dimensional increase in 
the treated material is occasioned and that, tliendorv^, jiarts may be machined and 
threaded, etc., prior to sherarilising. Iltdinarily this is the case, since, although there 
is a slight increase in size, it may very often be disregnrded, but, in the case of really 
snattll screws and pin.s, etc., and similar articles whose dimensions must be accurste 
to within very small limits, it will be found tlmt tlioir assembly after treatment is 
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I'AINTS AND AI-LIKD COATINCJS 

Paints am! like iimtiTials am su (‘iiiniiniii ami familial' that thov' arc a|it to nrvivc 
Imt minor (amaiihTiition with ivaani to tim )irotrctii)n of iron ami sfval from corm.sion, 
mill tho hu;! tlial they liavo a ilrliiiitr fiiiKtimi in this coniu'ction may oftni bu 
ovorliHikril. Yi‘t tlia i‘xtc'iil of jirotimtion alhinli'c! to jirnctioally all stnirtiiral 
tiiafrriala is <Ii;|ioti<lrii1 ii|sm ihr .suitability ami <{iia)ity of tlir [laitils whii'h ai-« 
a(i]>li!-il to Ihimi. i“latinj!, >;alvaihsiii); ami tho of her iirotimlivo moiisnros which havu 
Ih-cii (Icall with ii|i to now arc of ^rcat value ami arc wiilciv ii.scii. Iiut they arc not 
universally a|)|i1icalile. It wonhi not be |iractieahlc. cither Iroin the point of view 
of cost or o[ the necessary plant, to plate, sliciarilise,or Hower-ihivlf the hii'ec jiiriiers, 
eolinnns. aiul otiicr eoniponiaits of sled and iron .siructurcs. ami there are nmneroiis 
other iiisliinces in whicli it would he too co.sily to apjily such tinishes, and in tnaiiv 
cusi‘.s, even if this were carried mil. it would he necessary to eni])loy a linal |iaiul 
linisli for the sake of u)>pearii.uee and flirt her proleetion. The iiii{s>itanee of paints 
slioiitd not. therefore, he reli'tiated to a secondary position in the eonsidination of 
protective coatines. They arc often the onlv alternative hv which protection can 
he ^iven to iron and steel. 

In order that a ]iaint shall pinviile an eH'iciinit ]iroteclion to the iintal to which 
it. is applied, it iniist eonform to tun essentials ; (1) il ninst he inipervions to moisture 
and. (2) its iiieredient.s Iiin.st he neutral or opposed to corrosive influeiiee.s. h'rom 
(I considerution ol the theorv of corrosion, il liiav rcaditv he conceived, for lustanee, 
that pigments which arc hash’ ill character and which, in the jiresence of inoisfnre, 
tend to ini'iease the eonceiit rat ion of liydroxvl ions, may be advantageoii.sly employed 
ill a paint and will exert an iiillnence in the ii"ht direction, even when the paint 
lihn is abraded or otiicrwise ilauia^cil, nliilsl |)ionicnts of an acid character, or which 
are liable to develop acidity cm expixsure, will jirove unsatisfactory and iletriiaental, 
IMirticularly if used in a piiininj* coat. A ^ooil protective paint Kliould cxcluilc water 
completely, and slumld coiituiii .sonic injircdicut which will prevent the lorination of 
hydrojien ions. 

Paints eonsi.st of pl;<mcnts or eoloiirin^ matter suspended in oil, and iisiuilly 
contain also tswtain pro)sirtlons of driers and thiimers such as benitine, tiir|H'ntine, 
etc. There are t wo priiu’iiwl met hods of pre]airation, the first, and proba lily the better, 
is to mix the |iredetertniued imitmrlion.s of pijtment and vehicle (oil) tojiethcr and then 
])aas thn mixture several times thnun;h a jiaiiit mill. This method ensures a jiaint 
in which the inftrvdieut.s ate thoroujthly iucorjKiratiHl and in which they are most 
likely to be pn'sent in the airrcct pro(H)r|iona. Tlic second method consists in grind- 
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moistuie alwa^aod may also contain acids, espeeiaUy wood tar. These oonatitu* 
eivte can set np and maintain cotrowon underneath the tar costing, and although the 
water and acidity can be removed, such purification is sufficiently expensive and 
ffifficult to detract {rom the advantages to he gained by using purified tar. Wood's 
process would appear to be the most reliable and ccunoinical method of rendering 
the tar innocuous, and it further ensures a considerable measure of non-fluidity under 
the sun’s rays. ' 


SUMMARY 01’ VARIOUS I'IGMENTS ' 

Axhrstine, —AslHfflt.iiie consists tif magnesiliii} silieate or ordinary asbestos ground 
to a fine ]siwdi'r. If is used eliiefiy to sdengthen and nunforce [siiiit films and to 
prevent the sediment at ion of heavy [ligmeuls. It is also of value in giving “ tooth ” 
to the jtaint. From n corto.sivu s(iimf|s>iiit it is prohalily nentnil, neither itihibitive 
nor stiitinlativo. It Inis littli’ “ fiiidy." 

HtiriiDii 'I'liis is iiiodoeecl by inter-reat^tion between liariiim idiloride 

and sodium cliromate. It is pale yellow in cnloiir and not very good as uti inhibitor, 
due pndiably to tile inipiiritii's it contains. 

tlnrium Siitfiluih', Hiirifiiv, Itarium siilpbale omii's naturally in huge ipianti- 
t.ies us heavy s|Hir. It is gniiiml into a fine powder and treated ivilli snlplmric arid 
to improve the eolonr. It forms the hiLse of iieariv all flic lake eninors and is very 
stable, bat deficient in " ls>dy." Mi.sed with white lead, it provides a cheajs'r hut 
infurior material to the latter, though small percentages might he conveniently 
added lo correct the leiidetiey of the wliiti^ iisiil to blaeken. The artificial variety, 
RIanc Fixe, is made liy precipitating a liarimn salt with a soluble sulphate and is a 
more valuable pigment than the natural form, pos.se.sssing more “body." Roth 
varieties contain lu'ids. however, and ai’e not suitable for ap|>ll('ation to iron, or at 
any rate, unless they have Issm testisf. The pigmeiils are very heavy and grind 
in almnt- lb [kt cent, of oil. 

liiite. Tins ])iginent does not n|)peav to he produced in this country. Con¬ 

siderable (piantities an* made in Ameriea by biirniiig a mixture of gniena and coni. 
Tbo product isu sublimate ami is de])nsited and eollec.ted in large fabric bags. It is 
a valuable |ngmeiit and lias U’cn na'onimended for marine use becaiiw^ of tlic hard- 
iicsa and im|Kirvi(iusness of the |siint film which it induces. It is also used in cotn- 
binatiou with iron oxide and lampblack. Its colour is blnish-hlaek and its sisicific 
gravity 

hone Ulncl'.— RUck pigments are usuallv produeeil by burning various materials, 
generally waste products. Rone black is thus obtained from bones, lamp black from 
oil, vegetable black from coke ami scrap wood and gas, or carbon black, from natural 
gas. (Confined, of course, to America.) Ivory black, to be genuine, should lx-, 
prepared from ivory chips, hut bone blhck is the moterial tLsually sold for this variety. 
The blacks are stable and resistant to acids and alkalies. 

Rone black, the ground product of bones which have been burned at a high 
tomi>eruture for several hours, contains a large [rroportion of calcium phosphate os 
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wilphfttcK of lime or magnesia are exactly equivalent to the temporary hardness. 
It is not a standard process, and, moreover, it is relatively expensive and is more 
difficult to control than the lime-soda process. 

In curtain cases, in which the jwrmanent hardness is due largely or solely to 
sulphate of lime, it is ixMsiblu to remove this impurity in such a manner that the 
concentration of soluble salt.s in the treated water is reduced by the amount repre¬ 
sented by the calcium sulphate, ft will be remembered that the treatment for 
jstrmaneuit harrlness itnuh with carlsinuti^ of soda result.s in a conversion of the 
soluble salts of lime and magnesia into th<' less harmful .sodium .salts, but that the 
concentration of saline matter in the treated water was actually increased. If, 
however, a Iwiriimi Lom[x)tmd is included in tlie lime-soda treatment, it i.s possible 
to eliminate the Hul))liate of lime witbimt adding to the water an e(piivalent (|ua)itity 
of some other .s<iliibh^ .salt. Instead cif aii cipiivalent amount of sodium sulphate, 
an eipiivalent amount of the iiisoliilde barium sulphate is ])i’ 0 (!urcd which may, of 
course, be eliminated togetber with the otlier jmeipitated miiterial. When calcitim 
sulphate is present in large amounts anil represi'iits the iiiajor jiortion of the total 
impurity, this process is of iiniluiibttsi value, atnl altlioiigli it is e.vpciisive. it would 
|)robablv be more econiouieal in the long run in cases sueli as the one.s just imlicateil 
than the staiidaril piocess. 

The removal of sodium ciirbonate and of iron and aluminium salts from natural 
waters in which tlie.se ini]iiiritic'.s occur in abtiormallv largi’ amoiints necessitates the 
il.se of additiirtlal reagents in tlie softening processes. Sodjuiii carbonate is destroyed 
either bv alnm (almniiiinm sulphate) or bv calcium cliloiirle. In the latter case the 
reaction is simple, ami ri‘s\ilts in the prceipitatiim nf ealciuiii carbonate and the 
substitution of soilinio clilorulc for the sodium carbonate : 

(.'(I) NXet),, I ('at'U t'aCO,, , dNaCl 

If alum is used, tiie soilimn carbonate is replaced bv sodium sutpliate and aluminitim 
enrbemate is prnduccsl. This cnnijxnmd. the result of the <’omt>inatinn of a weak 
arid with a weak l>ase. cannot exist as such, ami iintiiediatelv splits up into free 
carlion dio.xide ami insohlbh^ hyilrateil alumina : 


(m.) 


.vysoj, 


! :SNa/'l)., 


:!\a.,S(), 

'-’All<HI), 


Al,(f'(),)3 


It will readily lie seen that each of these tivatuieiits n‘i[Utres verv carefid confiol. 
If caleinin chloride is ii.sed. .serious tisinble iiiay be anticipated in the bnilers if the 
([uantitv eniphived is in (‘xcess of that rec|uired to <leal with the sodium carlion- 
nte. The same may be said of abnn. .\u e.wcssof this reagent will, like tlie calcium 
chloride, jmss the tilteis in a soluble form ami be pimiped into tint boilers, where It 
will dissociate into hydrattsl almniim and an equivalent (piaiifity of free sulphuric 
acid. The former may cause priming and the Utter will certainly cause corrosion. 
Monsmir, the evolutum of carbon dioxide in the softener (eipiation So), as a result 
of the reaction between the siidium earhotiale and the alum, rei)uires the addition of 
all extra calculated quantity of free lime, lost this gas should also be admitted to 
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arnnged that after a definite volume of water hae entered it, a small surpliie over¬ 
flows into a lip at the outer extremity. The first slight tilting movement of the 
“ Osilametei ” instantly floods this extension lip, producing a powerful leverage which 
overturns the receiver, discharges the contents, and brings the adjacent compart¬ 
ment into the filling position. A brake paddle absorbs the momentum of the 
" Osilameter ” as it falls towards the fixed stojw, and it i.s also free to fall the first 
15 degrees before any auxiliary gear Is engaged; thus there is no initial drag on the 
bucket until it has acquired suffirient niouientum to overcome all frictional resistance 
in the moving {larts. 

Kg. 21 shows the chemical tank in ni/ii rfdative to the “osilameter.” The 
reagents are added by chetuical cu[>s holding a definite (piniffity and njierated by 
the swing of the oscillating, bucket, fty this iiieaiLs tlic proportioning is automatic¬ 
ally controlled for all rates of supply iif the ra\f water. The contents of the chemical 
tank are agitated by jmdilles operat<sI by the “ osilameter ” in smaller plants, or by a 
water-driven [sjwijr whisd in the largei- sizes, fig. 22. .A.s each measured <)Uiintity of 
water is discharged by the ” o.silameter," thi' reijuisite amount of fuiftening reagents 
is added by either of the ehimiieal cujis and tlinrnuglily incor|sirated by the turbulent 
motion of the water in the mi.sing and aveiuging lsi\. 

The arrangemimt .supplied cm large ])laiit.s i.s shown in fig. 22. The raw water 
enters the wear rhamher and, after jiaasing tlihciigli a hallie plate to remove the snrge, 
ovcrilows a weir having an adjustahle ))artitifin wliich hye-passes a definite projxrr- 
tionof the total flow tlinuigli the “ osilameter." This discharges the precise weight 
of cheniieais recpiired for satisfactory treatment of the whole snp))lv. The main How 
of the incoming wal in' oja'iates a wal er wheel which ilrives jigitat ing isiridles in the 
chemical tank, (.'njis attaelieil to these patldles kee|> the reagent measuring bucket 
eontimuilly charged, the surplus overtlowiiig baek to the chetuical tank. The fall of 
the “osilameter’' overturns the reagent ituusuriiig bucket, aud Imlh water and 
reagent are diseharged into the iiii.xiiig eliiite, the em])ty compartments of each ve.sscl 
assuming the tilling |M)sition. The bve-]>asse<l water cimtaiuing the cliemicals is 
thoroughly mixed with the hulk supply in the batfleil mixing tremgh into which 
the water whei'l discharges. 

After leaving the meiusiiring and mixing gear, the water enters the central drop 
pipe, fig. 1!>, and gradually descends to near the Imse of the reaction tank. W'here, 
owing to the large sectional area, it beeilines almost nuiescent. The impurities settle 
to the bottom and the water jsisses slowly upwards, reaching the wood fibre filter prac¬ 
tically free from suspended matter. The cajiacity of the reaction tank deiiends uiwn 
the rmture of the water treikted. and may range from one and a lialf to six times 
the maximum liourly oiitjiut. The sludge is co)liu;ted in smaller plants fiya conical 
hopjier-shaped bottom and in laiq^er plants by a rotatii^ scraper into the central 
sump and discharged periodically. The lime and soda mixture is prejmied in a hand- 
oc power-driven mixing mill on the ground level and the contents are raised to the 
chenucal tank by a pump or steam jet elevator. The power-driven type of mixer 
is fitted with rollers to grind the line into a smooth and homogeneous paste. 

The Lassen-Hjort cylindrical type of water softener is shown in fig. 23, whilst 



190 THE CAUSES AND PREVENTION OF CORROSION 

BoIutioQ of calcium permanjuitnate. In removing iron, thj action is supposed to be 
catalytic, the manganese heptoxide accelerating the oxidation of the iron salts 
by the dissolved oxygen present in the water. Whatever the actual mechanism of the 
process may be, it constitutes tlm most eHicient method of r<‘moving iron from water 
that is available, excepting, of course, the use of eva])orators. 

The chief objection to I’ermutit softening as apjdied to the treatment of boiler- 
feed water, is that it replaces th<‘ hardncss-pnniiicing salts by sodium salts, and if 
the hardneas due to earlsinate of lime is higji, there is a risk of developing an excessive 
conwmfration of sodiiitn carlnmate in the Isiilers. This may be avoided by first 
reducing the carbonate hardtiess to 2 or U liegrees by niejins of iinie and then com¬ 
pleting the ]>roeess in a js^rmutit jilalit. On the other hand, it ofTers a methml of 
sHCCuMsfully trt^ating waters ricli in stnliinn earbonste. I'his salt can be converted 
into calcium earlnmate by a calcium permutit, and then the wafer maybe treated 
or softened with lime in tlu; usual manner to remove that ]s>rfioti of the carbonate 
of lime retained in Holiition by any free carbon dioxiile, 

Fig. 2!) shows the general tiesign of f In^ I’ermutit softener', 

THU IIKMOV.M, OF OllKASK 

{’ondenseri water, whether from snifaei' oi' jet condinisei's, is rarely free from oil 
or grease, and the nse of such water for Ixiiler-feed is not advisable, even though 
the water be otherwise satisfactory. The eflicienf elirnination of oil and gn-ose is 
therefore anbtlier problem adih'd to the treafiuent of Ishler-feed water, (irease 
cannot be r;om])letely removed from steam by iiieehanieal means in whieli the steam 
iscansed to impinge ml IniHle ]>liitcs, etc,, siiiee even if it as.siimed lhal the heavier 
|x)ftinnH of the oil are tlins removed, tlie volatile isrriioiis will obviously remain in 
the steam. The lenioval of grease from eondenseil steam is more readily elTected, 
but even in this ease no simple proei.ss, .such as oiriinarv filtration, will sulliee. The 
oil is fre<inenlly in an emidsiliecl stale, iiiipurting a " miikiness " to the wafer, and 
the sixe of the ilidiviiliial jairtlcles of oil is pro buhl v of tbe order of one ti'll-tboiisaudtli 
of u inch in dinineler. Jh'fore fills oil call be ileiilt with practically, if must be 
eoftgulatisi, that is, reduced to]Hirtu'!es of larger sixe, eajiable of being retained by a 
filter. The isuiguiation ]>Micess is tile one now generally ado]>f ed by tlie leading soften¬ 
ing <xmt ractors. uiui is the only reliable met laid of easuriiig a satisfaetory ebmiiiaf ion 
of oil anti grease from the bniler-feed. Tbe eoagubilit used is aluminium siitpliafe. 
(rem whieli alumina. is preeipitated by means of soda-ash. Tliis precipi¬ 

tate is of such a iialure that it entangles all kinds of suspended matter, no matter 
how finely divided. When fimt jirodiiced, it is distributed evenly tlirniighoiit the 
iniwa of the water as an invisible, jelly-like substance. Subsispiently this contracts 
and breaks up into Hakes, and thew, which are easily filterable, retain all the finely 
divided oil and grease. 

The ahuiunium sulphate may be preeipitated by the temporary hartlness salts 
in the water, and if these are present in siifiieient ((uoiitity, the ordinary .softening 
proeeea may be readily arranged to include the de-oiling of I he water as well; in 
fact, in some cases, the coagulant may be omitted, since the lime and magnesia 
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he>t«d 1)7 cont^ with this steam, and as the pnssure in the heater is much less 
than that of the entering water the effect of the reduction in pressure and the sudden 
heating is to liberate the dissolved air from it. This air is removed to the condenser 
or atmosphere by way of the cock, K, on the air vessel placed on the top of the 
heater. The feed-water is in this way rendered non-corrosive and faUs to the bottom 
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of the heater at the boiling temperature corresponding to the pressure, and ffows 
direct to the feed pump suction, whence it may be delivered to the hoilere without 
further contact with the atmosphere. 

The Weir Direct Contact Heater may be readily installed in existing power 
stations. Assnming that the plant consists of several independent units, running 
on an open system, the usual arrangement will be that the water is pumped from 
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not, therefore, appear to merit the popularity which it enjoys amongst certain 
sections of practical engineers. It would appear to'have become a fetish. As 
mentioned above, it is sound enough in conception, since it does initially oppose a 
higher potential to that tending to corrode the metal, but it fails solely because It 
docs not maintain this opposing electromotive force. 

The best method of applying electrol)riic protection, whether to boilers, econo¬ 
misers’ condensers, etc., is that known as the Cumberland Electrolytic System. Here, 
again, the beneficial effects of a counter E.M.P. are recognised, but, in addition, 
the necessity for arrange men fa whereby this may bo permanently maintained are 
also recognised and the reversal of polarity, which may occur with zinc slabs, is 
effectively prevented, Uriefly, the ei]iiipinenf. coinpri.scs a low-voltage external 
generator which supplies current to a mituber (rf iron liar anodes, suitably disposed 
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in and insulated from the boiler or eoiiden.ser wliieh is to receive jirotcclion. The 
opposing current flows, therefore, from tlicse insulated anodes, through the water 
into the metal shell end tubes of the boiler, which act cathodically and is connected 
electrically with the negative jaile of the generator. Ajiart from tlic initial outlay, 
the coat of upkec]> is confined to the renewal of the icon anodes, which are cheap 
in comparison to the zinc slalw, and their renewal i.s facilitated by the jirovision of 
specially designed insulated holders which can be readily remover! and replaced. 
The counter E.M.F, is generated by a rotary transfonnee of suitable capacity 
operated from a liglitiug or power circuit. 

Figs. 44, 4S, and 46 show the arrangement of the anodes as disposed in, marine 
boilers of the Yarrow type, in condensers, and in economisers. It is also of interest 
to note that the application of this system of protection has the effect of detaching 
old scale from boiler surfaces, so that it can be removed as sludge in the blow-down, 
and of preventing the formation of scale on clean surfaces. 
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in atjnospbr*rc, 54. 
in water, 79. 
occluded in inm, 7J. 
hardening, tl5. 
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Ctfbasie seid, 25,58. 

Out iioB,.gisphjtjaation of, 85. 

OUnlow Roetote, in wateni 85. 
pnduota (rom in water, 84. 

Olio* <Aay, 187. 

Wood oil, 1A9. 

Ctuomio Msid, aotion on iron, SO. 

Chrorno Orson, jngnient, 187. 

Yellow, pigment, 168. 

Chromium, effect of, on corrosion, 87. 

Cinder inclusions, TI. 

.Cobslt, eSsct of, on corrosion, 68. 

Cold-working, effect of, on corrosion, 75 

Colliery wsters, 64. 

Colloids! solutions, 28. 

Colloids,’C<it«l}niing, 31. 
emulsoid, 28. 
roigrstion of, 20. 
positive and negative, 20. 

. precipitation of, 20. a 
propertice of, 28. 
sUBpensoiil, 28. 

Colloid theory of corrosion, 36. 

Concentration ceUs, 72. 

Condensate, dissolved oxygon in, 88. 

Condenser tube corrosion, frudoie influono- 
ing, 108. 

types of, 107, 112. 
failiirp, causes of, 111. 
tubes, accumulation of corrosion pro. 
ducts in, IIS. 
aoid cleaning of, 124. 
aolioil of sea water on, 108. 

'• comjilele " corroeion of, 112. 
•leotrical leaks, 117. 
electrolytic protectiim of, 121. 
faulty composition of, 113. 
ferrule troubles, 118. 
foam formation in, 117. 
foreign substances in, 116.- 
iron in, 114. 
iron oompouiuU in, 120. 
laminations in, 113. 
lead in, 114. 
manganeee in, 114. 
meoliaotoal cleaning of, 124. 

failure of, 110. 
nickel in, 114. 
oxidising annealing of, 120. 
prevention of oorrosion of, ISl. 
pralaotion of, by iiUioluUe salts, 186. 

of, by metellic layers, 126, 

" setaoUve " corrosion of, 112. 
aufasidiary steam supplies in, 116. 
tin in, 114, 

top inlet deterioration, 116. 


Condenser tubes, water-end dsaigii, 119. 

. water speed, 117. 

Contact oorroaon, 35. . 

Continuous Uow-down, 161, 

Copper, effect of, on corrosion, 68. 

protective coatings of, 161, 
Corrodibility, oompeiaUve, of modem 
metals, 134. 

relative, of iron dhd steel, 37. 

Corrosion, acid theory of, 24. 
accelerated by rust, 82. 
auto-, 35. 

Inological theory pf, 31. 
braas, of, 36. 
buried iron, of, 34, 66. 
bu.-4y iron of, 76. 
in boilers, 84. 
colloid theory of, 30. 
contact, 36. 

(iehnition of, 14. 
eiectrolytic prevention of, 211, 
theory of, 16, 24. 
effect of aluiTiiniuin on, 67, 
of arsenic on, 67. 
of chromium on, 67. 
of cobait on, 68. 
of copper on. 68. 
of leufl on, 70. 
of light on, 48. 
of nutnganese on, 80. 
of mill-scale <in, 70. 
of nickel on, 68. 
of phosphoms on, 66. 
of silicon on, 66. 
of sulphur on, 68. 
of bnniieratnrc on, 60, 61. 
of tin oti, 70. 
of tungsten on, 70, 
r>f vanadium on, 70, 
externaily induced, 34. 
factors afleoting, 44. 
in excess of carbon dioxide, 27, 102. 
in stagiicnt water, 48. 
in moving water, 30. 
influence of acid media on, 67. 
of oils on, 55. 
of oxygen on, 25, 4fl.- 
of rate of flow of water, 48. 
of salt concentration on, 31, 60. 
of segregation on, 16, 35, 66, 71, 
of strain on, 18, 37, 73. 
oxide theory of, 31. 
preferential, 36, 
peroxide theory of, 31. 
prevention of, 133. 

^perhealer tubes of, 46, 103. 
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Feed-w«tM, eumniary iaapinMM 2ll« 
tnatraeot, 17S. 


ComtioD, tbeory ot, 24. 
toriitne Utdw of, 46, 104. 

^pea of, 34. 

Con^ve GOOBtitilMita of waten, 78. 

*alt8, removal of, from water, 173. 

Comaiivity of aoils, 47. 

Coalett proceea, 140. 

Oitioai concentration of w>lt solutione, 60 . 

Oyatalloid/i, 28. 

(^imlwrland eleetnilyCic protection, 34, 30, 
216. 

Deep-well water, 82. 

Degaaoing, chemical, 203. 
phyaical, 204. 

Deaign, care in, 134. 

Deweee-Wcotl proccaa, 138. 

DezinciHcation, 30, 108, 112. 

Diaporaion medium, 28. 

DiHporeoid, 28. 

Diaeiniilnr metala, contact botwiMtn, 133. 

DjiHuciation. electrolytic, 20. 

Dissolved (^^^cs, icmovsl of, froto water, 
ID8. 

Keonomiscr xcale, 88. 
troublea, 87. 
tubes, burning of, 90. 
extornal corrosion i>f, 90. 
external deposits on, 90. 

Klectrical leaks in condenser tubes, 117 

filectrocllomicai s<>ries of I lie metals, 36. 

Electrolysis, 21. 
auto, 35. 

Electrolyte, lieterugcneity of, 72. 

Electrolytic dissociation, 20. 
prevention of corrosion, 121, 211. 
theory of corrosion, 25. 

Erosion, 15. 

Estuarine wators, selective ctirrosiviiy of, 
109. 

External deposits, 90. 

Externally induced corrosion, 31. 

Factors alTocting corrosion, 44. 

Feed-water, aluminium sulphate in, 190. 
ammonium salts in, 100. 
calcium chleride in, 99. 

nitrate in, 09. 
ferrous snlphale in, 100. 
grease and oil in, 03. 
magneaum chloride in, 98. 
nitrate in, 90. 
suipbate in, 99. 
sodium oaibonate in, 101 
cUoridein, 90 


Ferric hydroxide, 26. 

Ferro-maaganoeo, 67. 

FWrouiilican, 60. 

Ferroao-ferric oxide, 46. 

Ferrous hyilrate, colloidal, 30. 
siilpliate, in feed-water, 100. 
sulphide, 66. 

Ferruxyl reagent, 38, 73, 

Fcrnite troubles in condenaeia, 119. 
Fuain fomtatiuD in conduneon, IIT. 
Funnalflehytle, 27. 

Furinic acid, 27. 

Clahatiic action, 34. 

(IslvaiiisKl surfaces, painting of, 162. 
(lalvanising, hot .(lip process. 146. 

Djtscs, dissulvetl in water, 48, 196, 201. 
iMs;lii<leil in iron, 71. 
rfunoval of, from water, 198. 

Clt'sner's pnauwa, 138. 
tlrapliim, pigment, 168, 

(■raphitic carls)n, 64, 

(irapliilisation, (10. 

(jroaso in fctul-water, 78, 93. 

nnnuval of, from wattir, 196. 
tireen, ciirume, pigment, 167. 

(imoving, of angles, etc., 75, 

Hardening carbon, 65. 

Hanlriess of water, 82, 
lemiKirary and permanent), 63. 
Heut-Miiing, 140. 

Heat losses due to scale, 66. 
Heterogeneity, effect of, on corrosion, 36 
of electrolyte, 72. 
physical. 37, 73. 
structural, 71. 

Hutalip galvanising, 146. 

Hot-prooess softeners, 190. 

Hydrocarbon oils, 66. 

Hydrochloric acid, action on iron, 07. 

formation in boilers, 98. 

Hydrogen ions, 15. 
occludedin iron, 71. 
sulphide, ill feed-water, 219. 
HydrolyHiB, 24. 

Hydroxjd ions, 67. 

Humic acid, 84. 

Immersion, depth of, 49. 

Indian ml, pigment, 168. 

Inhibitive {actom, 76. 

Internal strain, 73. 

Ions, formation of, 20. 
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loTWf hy(lroxy)> 57. 

migration of, 22. 

Iron, Bction of &ir on, 45. 
of stoam on, 40. 
of w$ier on, 45. 

compounds of, in condcnsor tubes, J 20. 
in condenser tubes, 114. 

oxido of, 45. 
pAwive, 3D. 

polisher], rorroHion of, 54. 
reeisttviiy of old. 10, 134. 

Bfllis in feed'water, 219. 

removal of. from watr^r, J77. 
sulphate in fcinJ'water, lOO. 

Japans, 103. 

Kaoltit, 107. 

LaotJo aoid, formalirm in IxiilorH, 1U2. 
Laminations in conileiiNT i 13. 

Lantp black, piuiuonl, 107. 

J^d, -blue, pit<tiictit, loo. 
ooatinps protect ivc, 151. 
drierN, 158. 

offort oil c(3i‘r(iMj{in. 70, 
ill cuniluDKpr f iiIh«n, 114. 

Light, elfiK'i of, on corrosion, 40, 
Limiting <!oinviitrnti<ijiH, till, 

Linoxyn. IfiH. 

LinMMKi oil, 158. 

arlultc'nintH of. i5fJ. 

Liliiurgv, piginont, lOH. 

Lithopono. pi gin cut, 100. 

LohnuinniHihg tilK 

Magnesia, in Moah', KO. 

Magnrviruni curboimto, in fi'tsi-wali'r, 220. 
procipitRlion in Ix'iloi's, 00, 
clilorido. in Owd-water, 08, 220. 
hydrate, forniatioii in builorn. !)<>. 
nitratfi, in Feotf-water, 00. 22tK 
salts and priming, 92. 
sul]>ha(n, in -water, 09, 220. 
MagmUic imn oxide, 40. 

coatingfi of, 130. 

Manganese (iheix, 108. 
effect of, on corrosion, 60. 
ferro', 07. 

in condonstT tubes, 114. 

Bulphi(U>, 60. 

Bianiifactum of mctaK cart> in, 133. 
Marine structures, painting of, 101. 

Metal etructurea, care in dmign of, 134. 
Metaltio protective coatings, 143. 

Metals, contact beiaTon disaimilar, 135. 


Metals, corrodibility of modem, 134. 
electro-cfiemical soriea of, 36. 

Mill-scale, effect of, on corrosion, 70. 

Mineral acids in water, 78. 
black, pigment, 169. 

Negative ions, precipitation of colloids by 
61. 

Nickel coatingN, 151. 
effect of, on corronion, 69. 
in c<mrk'!]iwr tubes, 114. 

Nitric acid, wdiou on iron, 59. 

Nitrons and nitric aeidn in water, 79. 

Occluded grtscH in iron, 71. 

Ochie. piginnnl, 169. 

Oil driiM-H, 158. 

Oils, ahirual and vegetable, 55. 
and foam funnatJon in condensers, 118. 
liydrocurl>rjn, 56. 
iiiflui'Occ of, on comision, 55. 
organic iwids from, 55. 

Oily scMinis in Isjilnis. 92. * 

OnLugif iiiiiiM'Hl, pigment. 169. 

Organic aciii.H in water. 78. 
coni|Min<]K in water, 8J. 
formidioii in boilers. lOL 

OsiiKitic ]MvsMur«^, 19. 

Oxidation, 23. 

Oxidi* coatings. 136. 

iiaiir, 

Honicinpi, 138. 

Howcr-HurfT, 139, 
ilrmlluv. 138. 
lVw(S'H-\V<iorl, 138. 

I'lcclj’oiytii', 139. 

(h>Hiicrs, J38. 

Kiiniiigton, 138. 

Wclk 138. 

theory of corroaion, 32. 

Oxidising annealing of condenser tnl>es, 126. 

Oxygen, notion of, in rurroHioii. 45. 
de^K^larisation by, 2i\. 

(iis^aolvod in condensate. H8. 

iu wator, 78, 1D8, 202- 
<*ss«itial to coiTosion, 26. 
evolution in boilers, 10 1. 
occluded in iron, 71. 
mnoval of from water, 198. 
solubility of, in water, 50, 202. 
supply of, to coiTwion, 48. 

Paint, anti-fouling, 163. 
choico and application <if, lOI, 
esaentia] properties of, 157. 
function of, 156. 



INDEX 


299 


FftiDt» too. 

Fainting of galvan^l materia), 1(12. . 

of marine atructuree, 163, 
treatment of metal prior to, It)]. 

Parker pmcoMj, 142 

Faaflivo iron, 39. 

j>ruportiee of, 40. 

thoorien of, 40. 

IHiaty waters, H4, 

IN^rniauent Imriliictw, 83. 
j’emoval of, 173. 

iVmuitJt HufCening ]7roii‘Mrj, 1!)4. 

IVroxidr tJioory of corisinion, 31, 

Pli4)Mphiilo corttitigH, 140. 

PhuHpliuric arid, action lur ii-oo, 58. * 

PhoKp}K>ni>t, off uii (‘Minp^iiiiir 06. 

Phyhical hetemgc'noity, 37. 73. 

Figna'ntn. bnwie arui acid in, l.'Vli. 
(’laM^JtirHtiofj of, 159. 
conducting and insuhdmg, UK). 
rtTisjt of, on oil, lliO. 
hiiinioHry of, 1116. 

a>rr(iisior] of, Ip5. 

I'jttii]g, 23, 36, 36, 53, 6li, 71. 

PolMriHation. 22. 

Polarity, l•ovc^8ld of, 36. 

Polished iron, corroc^ioii of, 64, 72. 

Puppy MHsrl oil, 15!). 

I^rcfmntiHl cormsioii, 36. 

Pirvcdtioji of ctnmskin, chiMMilkatloi; of 
mctiiods J;13. 

Priming, of, 91. 

1‘jxitwtiw i^^iatings, aUiihiniino^ 161, 
c*o]>tM>r, 161. 

dniwlmokn of, 143. 
kiul, 151. 
ini'tallic, 143. 
nickel, 161. 
oxkic. 136. 
plionphide, 146. 
tin, 156. 
wne, 144. 

PrUK'<iitn hliio, pigment, 1511, hlU. 

UailingM, eorroMion <pf, 47. 

Jtain v atev, 811. 

ci>rrtwivily of, 48. 

Hate of flow, effeet of. on eormnion, 311, 77, 
130. 

Jtoaetiona in boilera, 00. 

Hed load, pigment, 169. 

Kcdtictioh, 24. 

Relative corro<libiJity of irtjn and atoel, 
37. 

Hiver water, 81. 

eolf purifleation of, 81. 


Hivet heada, pitting of, 75. 

Hocke, ditiintegration of, 79. 

Hodding out condenaef 124. 
Rnflington proeofis, 138. 

XU\A. .51. 

aewderator of corroaiotk 52. 
eoiies^, 53. 

formation and pro|a>rtKvH i»f, 51. 

Saline ooneentrat ion, elTvel of, on eiwoaion, 
31,59. 

Moluliiina, vfftvi of, on ecimMOti, 59* 

Salt ill rain water, 89. 

aolutioiiK, erilienl mieoid ration of, 09. 
limit i Jig eoi in "fit rat inn of, 69, 

SaltM, diNKtKiiaijor; of, in iHiilc^m, 87. 

Seale, rarE>oiia1o, 95. 
fitv iiiagiirHia ill. 89. 
iK^at due 1o, 86. 

in boileis, lA. 
ill ivoriniiij^eis, 88. 
ii-on <ixifh', 97. 

|ij'ol«x‘tiee a^-liori of, 88. 97, 
silii<nti'. 95. 
siMliuiii MLil|i]iate, 97. 
sidjjhiile, 9.5. 
vni'ieliea of, 05. 

Sealcdtirrtling inaMer in water, 78, 89. 

ji'iimval Ilf, 173. 

Sr|wio[i xprayiiig 150. 

SnvdeheH, NiirFiu'is 75. 

Si'inn-forming matin' in w'iimt, HO, 

Sen Wilier, lU'liou on braan, 198. 
Kegn'gaiion, efk'et, of, im enniiMioii, 16, 22, 
35, 66, 71. 

Si‘ler-tive iniiroNioii of eondenner iiibtw, 112. 
Si'Iniiiiin, efTn-l of, on cornuiiiiii, 09. 
Slmllow -wi-ll w'jLier, H9. 

Sij<>nirY|iHing, N6. 

I'ffeei of iiiHi on, 147, 
tJif-ory of, 1*8. 

Siecntiven, 1,58. 

Siermiif pigii^ent, 169. 

Si lieu, 79. 

in alkaliruf wnterH, 84. 
in* fwil-water, 220- 
SjJierm, i>fr<xd. of, on eiuTOHion, 65i 
ivtny-, 6.5, 

Silver, efTr^rt of, on corroaiori, 79. 

Slag ineluHiona, 71. 

Sludge-forming matter iti water, 86. 
Sralium acetate, fonnation of, in boiJur0,IO2. 
rarbonale, in fixHl-water, 100, 22L 
removal of, from water, 170. 
rhioriile, in ft^-watar, 99, 221. 
formats, formation of, in boilero, 191. 
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HOtnh hydnoide io fMd-waUr, 221. 
FnitniU, ia feed-water, 222. 

’ enlphate, in feed-water, 222. 
riectroljraii of, 22. 

(ul]diate, eziemat dopoeite of. 20. 

SoneoJng ^ante, 170. 

oontinuow blow.down, lOt. 
hot proceae, 190. 
inegiilar operation of, 93. 
pennutit, 194, 
prooeaaee, 173. 

Soft wafer, 92. 

Soila, acidity of. 47. 

Gomnivity of, 47. 

Solution preaeuje, ID. 

Soya bean oil, ISO. 

Spilie, in condeniwr tubcH, 113. 

Spring water, 82. 

Sfeain, action of, on iron, 4fl. 

auppliea, auheidiary in cundviaors, 1 In. 
Stiinulatlng tactoiu, nutiirnary of, 7n. 
Strain, effect of, on corroeion. 111. 3T. 73 
Stray ourrenta, ufimt of, on cornviioii, 34. 
Structural heferogonaity, 71. 

Structures, earo in design. 134. 

Sugan, fortnation of, in tHiilers, 102. 
StUphur, effect of, on er)Frosj(>n, DO. 

in atmosphere, 58. 

Sulphurelttsl hydr«g«'n in water, 70. 
SulphuHo acid, atrtiim td, on iron, €8. 
in wafer, 79. 

Superheater trnnliles. 193. 

. tubes, oorroeion of, 49, 193. 

Surface drainage watei', 89. 
ampuritiee, effect of, on corrosion, 70. 
wounds, 76. 

Surrosion, 16. 

Suspended matter itt water, 82. 

Temperature, effect of, on corrosion, 59, 91 
Temporary hanineee, 83. 
removai of, 173. 

’ Tin coatings, ISO. 

in oondeneor tuhee, 114. 
efieoi of, on corrosion, 99. 

Top inlet deterioration in condenser ttibes, 
119. 

Tung oil, I6D. 

Ttmgefen, effect of, on oorroeion, 70. 
Turbines, corroeion in, 46, 104. 

Turbulency, effect of, on corrosion, 49. 
TVpea of corroaion, S4. 

< 

CHiVii*riDe blue, pigment, 170. 


Umber, pigment, 169. 

Ujdtnd eurface witers, 61. 

Vulency, 2^. 

VariAdium, effect of^ on corroaion, 70. 
Vapour depoflition of aims, 146. 

Veget^le oile, 56. 

Venetian red, pigment, 166. 

Water, notion of, on iron, 46. 
alkaline, R4. 

luea of exposed surface of, 49. 
urtortian well, 82. ^ 

doMfj^cation of, 79, 127. 
coUection of iicipuritice in, 79. 
colliery, 84. 

Gorronivo conHtituentK in, 78, 87. 
iloop'U'olJ, 82. 

iliurtoived gAiH'h in, 48, 198* 201 
for hoilcr-fixrtl, 78. 
liard and sufl, 82. 
poaty, 84. 

roJii, 8 Dl , 

P4»ri'CMivity of, 48. 

ufToct of mto r)f flow of, <ij| corroaior;. 48 
rivnr, 8i. 

nnAin-fonriing matter in, 78, 87. 
HhMi2ow-u*fi||, 80, 

.hikkhI ill coiulgiiAcm, 117. 

Mpmig, 82. 

Htiigfmnt. corroaion in, 49. 

Miirfacn limiiiagis 80. 

NUHjx'qd('d matter in, 82. 
upland Hurfneo, 61. 

Wat or-end, do^gn in condonHcrs, 110. 
prtKHttw. 168. 

White Jrnd, pigment, 170. 

Willow cJiarccud, pigment, 107. 

Wounds, surface, 75. 

Yellow, chrome, pigment, 108. 

ZerditoH, 83. 
artificial, 104. 

Zinc barium chromate, pigment, 170 
coatingH, 143. > 

proceeeee of applying, 144. 
vapotir tlepoHition of, 146. 
chromate, pigment, 170. 
lead white, pigment, 171. 
oxide, pigment, 171. 

[gating, 14fi. 

eprajing, IfiO. 
yellow, pigment, 170. 
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ADVERTISEMENTS lii' 


METALLIC 

For the Oeooretion of Hot 
Water and Steam Pipei, 
Ridiatort, Railingi, Oitaa and 
Ironwork generalljf. • Mads in 
Silver, Gold, Coppef, and Green. 

ANTI-CORROSION 

The most Wonderful Paint for the 
Protection of* all Exposed Wood, 

Irorif Brick, Stone or Compo Work. 

Prepared in a Drjf Powdar, which require* 
mixing with the necessary Oil Mixture onfy 
to make ready for use. 


GRAPHITE 

For aM Iron and Steel Construc- 
llonat Works Hot end Cotd Water ^ 
Pipes, Guttering*, elc. Specially - 
valuable when brought into 
contact with Sulphurous Gases, 
Arnmonia, Chlorine, etc. 


USE 

CA RSON'S 
PURE PAINTS 

-mj hv.U nH tn : 

WALTER CARSON & SONS 

HATTliRSli.A, I.O.MDON, S.W. ij 

'] rlrphtiMi* Nt». : llRtEtrheii (i liriMi) 

And ;it lWli<.'l,.rs' Walk, DUHMN 


FERRI-SILICON 

The Cheapest and most 
Durable Preservative for Iron¬ 
work, Woodwork, and all 
Exposed 5urfac<*. Specially 
luitable for use on Gasomrters, 
a* Colours are unaffected 
by Sulphuretted Hydrogen Gas 


LA BELLE ENAMEL 

A BrillianI and Gloi(|f Paint 
for all high<lnf. Owe ration. 
In 32 Artiallc Shadaa. 
Spaelal Enaitial, alio made 
to withaiand the aelion of 
Sulphuric Acid; for uaa In 
Battery Roomi, etc. 
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LASSEN-HJORT 

WATER SOFTENERS 



B 

Over 

6000 

in use 
in every 
part of 
the 

World 

B 


tPHU fur 
diulepu u 


UNITED WATER SOFTENERS Ltd. 


IMPERIAL HOUSE 


KINGSWAY LONDON, W.C. 2 

a <*' 

Tiltfrr— t ■* AOt'ADObCKi B9nUND» tXMOOH *• Titiphin N t 


h, 
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PERMUTIT 

WATER SOFTENERS 



PKHMimr ZERO'HARlmAM WATtR BOinKNINO PLANT 
llw Waat Ctetbtrt Wtftr Coispuy* Cbwblf 

Cupadiy ) million gBlIonA ptr day 


ZERO. 

Hardness 

No Lime 

No Sludge 

Q 

Over 

2000 

IiMtallattom 
It work ^ 


IFriu f»r 
CaUtaitu t» 


UNITED WATER SOFTENERS Ltd. 

IMPERIAL HOUSE 

KINGSWAY • LONDON, W.(^ 2 

Tilijwii AOUADOUX, UnUND. LONDON^ t ^|U»NT 
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ADtERTlSEMENTS 


Kestner Evaporator & Engineering Co., Ltd. 
' PREVENT 

Corrosion in Boilers 

UY FKEIXNi; Wl ltl 

\ jj I purified 

* oxygen-free 
water. 


THE 

KESTNER PATENT SYSTEM 
of 

Degassing 
Water purification 

and 

Distilled Water 
production 

SMtsar Pstviil DtftiMaan Jn a Powfr Station. 

MUD, 

SCALING 

AND 

CORROSION 

can only be 
eliminated by the 

KESTNER SYSTEM. 

KMtoer PalMl PUm Svaperatoe iot DtottUtd Water. 




5 Grosvenor Gardens, Westminster, London, S.W.l 







advektisemekts 

THE 

PURIFICATION 

OF 

WATER SUPPLIES 


I HE provision of a supply of pure soft water, free from scale 
forming or corrosive tendencies, is a factor of prime 
importance in efficient steam generation. 

THE PATERSON SYSTEM OF 
WATER PURIFICATION 

is designed with a view to ensuring the most efficient results 
with the minimum amount of attention and upkeep cost, and 
the uniformly successful operation of thousands of installations 
in all parts of the world is evidence that these conditions have 
been adequately met. 

All steam users who have trouble due to unsuitable feed' 
water, or those who are interested in tfie purification of water 
for trade processes or domestic requirements, are invited to 
submit their problems to us, and to take advantage of the 
experience gained during more than twenty years rigid 
specialisation in water purification. 

The PATERSON ENGINEERING CO. 

LTD. 

WINDSOR HOUSE. KINGSWAY, LONDON 

AND AT CALCUTTA AND BOMBAY 


MANUFACTURERS OF 

WATER softeners’ GRAVITY & PRESSURE FILTERS 

OIL ELIMINATORS WEIR FLOW RECORDERS 

CHLORINATING PLANT 
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BOOKS OF KINDRED INTEREST ^ 

j___^_ . ■% 

THE TECHNICAL CHEMICAL SERIES 

Thi* important series* of which 7'ie Cauus and Prtotirtion ef Cirmiett ia 
the tint volume to be published, will contain authoritative mom^raphs covering 
the whole Held of technical chemistry. The following four volumes will be ready 
in September— . 

THE CHEMISTRY OF PAINTS, 
PIGMENTS AND VARNISHES 

By J. GAULD BEARNE, M.Sc., A.I.C., F.C.S., rrc. 

'I'here are few industries in which so many recent developments of real 
imjiortancc have taken place. The object of this book is to aciiuaint wotki 
managers, students, analysts, attd the many others directly interested, with such 
advances, and to eiuible them to nbuin both a general survey of the industry as a 
whole and^n account of the modern technical processes and of the chemistry of 
the raw materials employed. With this object, detailed methods of analysis have 
been given, and the specifications included will enable users of the materiali to 
judge whether vanous products and .sjiecialities olTered to them reach the standard 
required and are suitable for the purpose in view. 

THE CHEMISTRY AND PHYSICS 

OF CLAYS AND RtlFRACTORY 
MATERIALS 

By A. B. SEARLE 

Ana^yLiftl Chmsisk awl ConlulTin|f TccK&otfigiift. 

THE CHEMISTRY OF DRUGS 

B» NORMAN EVERS,.B.Sc., F.I.C. 

THE CHEMISTRY OF RUBBER 

By BERNARD DUpSTAN WILKINSON LUFF, F.I.C. 

Giief Chetniwl tu the Nanh Urltuh Kobber Company, 

ERNEST BENN, LTD,, 8 Bouverie Street, E.C. 
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ADVERTISEMENTS 


BOOKS OF KINDRED INTEREST 


THE SUPERVISION AND MAIN¬ 
TENANCE OF STEAM-RAISING 
PLANT 

By CHARLES A. SUCKAN, A.C.G.I., A.M.I.Mech.E. 

Ajsoc. Mem. Npnh'l'last L'oasL Intt. of ^n^inecrs imd SNipbeiMers. 

Member of Wer Commiltee for Enieiirency Eepair;, Mnlia^ elc. 

This impoitant book is designed to show in a practical way how an increased 
efficiency in steam-producing plant and, consequently, the increased overall 
efficiency of a factory, must result in a very considerable reduction in production 
costs. 

The book is not theoretical, but, a|)art frinn a brief description of the various 
types of boilers, concerns itself with the scientific control of everything ap]>cr 
taining to the boiler-house and used in the production, of steam, from testing the 
quality of the materials supplied to kecjiing accurate accounts in order to arrive 
at the cost of producing the steam. 

[K/iAin' /A' A7:/TA I/Zt/iA’ [pJJ, 


COAL-TAR DISTILLATION AND 
WORKING UP OF TAR PRODUCTS 

Bv ARTHUR R. WARNES 

Chemical En|{incfr nml Technioi^l Chemist, Meml^ruf Society of Chemictd 

Incfuslry, McpiIk-T of V'firjiilny Siviety, etr< 


The reception that has been accorded to the second edition of this standard 
work has induced the publishers-'to issue a third, which is nearly double the size 
of its predecessor, and has been improved no less by wholesale revision than by 
additions of great value. The book bas once more been brought thoroughly up 
to date, and should continue to be, in the words of Thf Coal and Iron Trades 
StvUw, “indispensable.” 

[K£AfyV IN XEITNMfiEK tprj. 


ERNEST BENN, LTD., 8 Bouverie Street, E.C, 








LITERATURE OF THE 
CHEMICAL INDUSTRIES 


On our ahelvea ia the moat complete stock of 
technical, industrial, engineering and ecientiflc 
books in the United States. The technical liter 
ature of every trade is veil represented, as is 
also the literature relating to the various sdences, 
including books useful for reference as veil as 
those fitted for students' use as textbooks. 

A large number of these we publish and for an 
ever increasing number we are the sole agents. 

ALL INQUIRIES MADE OF U3 ARB CHEER¬ 
FULLY AND CAREFULLY ANSWERED 
AND COMPLETE CATALOGS AS WELL AS 
SPECIAL LISTS SENT FREE ON BEQUEST 
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